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No  ty  ping . 

Page  3. 

Radio  interferometer  of  Byurakansk  observatory  to  the  wavelength  7  3.5 

ca. 

V.  A.  Sananyan. 

In  the  article  is  given  detailed  description  of  the  radio 
interferoaeter  of  Byurakansx  astrophysical  observatory  to  the  wavs 
73.5  ca,  recently  of  introduced  into  action. 

Introduction. 

The  described  radio  interferoaeter  was  created  on  the  basis  of 
earlier  than  worked  on  the  wave  3.7  a  radiotelescope  £  1 ]  by  its 
reconstruction  for  the  shorter  wave  *  73.5  ca  (408  MHz).  In  the 
voluae  of  works  on  reconstruction  they  entered: 


1.  Increase  in  the  lengtn  of  western  and  average/aean  east  of 
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the  antennas  of  radio  interferometer  respectively  2  and  1.6  tines. 

2.  Alteration  of  reflecting  surface  of  antenna  dishes. 

3.  Development  and  production  of  swivel  gears  for  rotating 
antennas  with  the  help  of  central  electric  drive. 

4.  Development  and  production  of  a  nevr  system  of  vibraters. 

5.  Development  and  production  of  radiometer  on  408  MHz  (system 

of  preamplifiers  and  main  receiving-recording  device/eguipment) . 

As  a  result  of  reconstruction  the  total  geometric  antenna  area 
of  radio  interferometer  achieved  7700  m2,  the  extent  of  line  the  east 
-  west  -  540  m  (736X)  wita  the  gap  in  the  middle  on  180  a  (245X) , 
i. e.,  considerably  smaller  than  the  length  of  its  antennas.  This 
system,  as  let  us  see  below,  has  interference  radiation  pattern  with 
the  sharply  pronounced  central  lobe/lug  whose  width  at  the  level  of 
half  power  is  6  min  and  actually  is  determined  the  resolution  of 
radio  interferometer  on  the  right  ascension. 

The  effective  area  of  two  fundamental  antennas  of  radio 
interferometer  (including  losses  in  the  feeders  prior  to  the  input  of 
preamplifiers)  comprises  not  less  than  2000  m2,  which  mates  it 
possible  to  reliably  record  radio  sources  with  the  density  of  the 
flow  of  1-2  unity  with  the  effective  noise  temperature  of 
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preamplifier  of  600°K.  the  oaad  of  receiver  1  twz  and  tiae  constant 
of  end  device  4  s. 

After  the  replaceaent  of  electron-tube  preaaplifiers  by  the 
lov-noi3e  transistor  amplifiers  vaich  at  present  are 
developed/processed,  the  sensitivity  of  radiotelescope  considerably 
will  be  increased. 

COflSTRDCTIOH/DESIGN  OP  RADIO  INTERFEHONETEB. 

Antenna  dishes.  Radio  interf eroaeter  consists  of  four  antennas, 
general  layout  and  sizes/diaenaions  of  which  are  given  in  Fig.  1. 

Page  4. 

The  reflecting  surface  of  antenna  dish  has  a  fora  of  the 
parabolic  cylinder  which  is  foreed  with  the  help  of  the  flat/plane 
parabolic  farns/trusses.  The  latter  are  eounted  on  the  aetallic 
struts,  arranged  at  a  distance  of  9  a  froa  each  other  (Fig.  2). 

airror  itself  is  foraed  by  1.5-aa  coapound  vires,  in  parallel 
stretched  to  these  farms/trusses  at  a  distance  of  5  ci  froa  each 
other  with  the  help  of  the  conpensative  springs  (at  the  ends  of  each 
wire)  by  the  force  of  10-12  kgf. 
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along  the  focal  line  of  mirror,  waich  passes  at  a  distance  of  5. 5  a 
from  its  apex/vertex.  Entire  system  of  irradiation,  cables  of  feed 
and  coordinating  eleoents/calls  of  the  sections  of  antenna  are 
suspended/hung  fron  three  in  parallel  stretched  cables  which,  in 
turn,  are  held  on  the  metallic  focal  struts. 

Systea  of  the  rotation  of  antenna.  The  antennas  of  radio 
interf eroaeter  rotate  cnly  in  the  aeridian  plane.  In  the  initial 
version  when  radio  interferometer  worked  on  the  ultrashort  waves  and, 
therefore,  it  had  vide  radiation  pattern  on  the  declination,  the 
rotation  of  antenna  was  realizad  by  hand,  discretely  through  2.5°. 
After  transition/ junction  to  the  shorter  waves  the  antenna  radiation 
pattern  on  the  declination  sharply  was  throttled/tapered  and  this 
rotation  of  antenna  proved  to  be  insufficient.  Furthermore,  as  showed 
practice,  the  operation  of  this  system  too  labor-consuming  and 
requires  long  time  for  the  ad justment/exchange  of  the  antennas  of 
radio  interferometer  of  one  position  into  the  other.  It  was  suitable 
for  the  survey/coverage  of  the  shy  when  infrequently  it  was  necessary 
to  vary  antenna  position,  however,  after  the  reconstruction  of 
radiotelescope  as  a  result  of  whica  were  increased  its  resolution  and 
sensitivity  and,  therefore,  it  became  possible  to  use  a 
radiotelescope  for  the  solution  of  other  radio-astronomical  problems, 
arose  the  requirement  to  revolve  tne  antenna  of  radiotelescope 
rapidly,  to  smoothly  and  estaolish/install  it  with  the  large 
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accuracy.  For  this  was  worxed  out  the  qbw  rotary  devica/eguipment 
whose  overall  kinematic  diagram  was  given  in  Fig.  3. 

The  rotation  of  the  eastarn  and  western  antennas  of  radio 
interferometer  is  realized  independently  with  the  help  of  electric 
drive.  For  obtaining  the  necessary  delay/retarding/deceler ation  are 
used  three  standard  reducers  of  brand  HTsD-250  with  the  coefficient 
of  the  reduction  of  each  1-24.  In  the  reducer  is  used  the  electric 
motor  of  the  type  ^00-12/4  witn  the  number  of  revolutions  N=1360 
r/min  and  the  powerV=2.3  kii.  la  parallel  to  the  horizontal 
rotational  axis  of  antennas  is  carried  out  the  common  shaft  which  in 
the  middle  is  connected  directly  with  bilateral  output  shaft  of 
reducar.  At  each  parabolic  farm/truss  of  antenna  dish,  in  the  center 
of  its  rotation,  is  mounted  the  block  with  a  diameter  of  1  m,  and 
under  it,  on  the  axis  of  drive,  is  put  on  another  block  with  a 
diameter  of  0.5  m.  Both  these  of  block  ara  mutually  connected  by  8-mm 
steel  cable  whose  ends/leads  are  fixed/recorded  on  the  housings  of 
blocks.  This  diagram  is  very  simple  and  at  the  same  time  it  ensures 
the  linear  connection/communication  between  the  rotation  of  drive 
shaft  and  the  antenna  disn.  one  turn  of  drive  shaft  corresponds  to 
the  rotation  of  antenna  in  the  limits  of  the  operating  range  of 
anglas  of  depression.  For  tne  target  the  decreases  of  frictional 
force  on  drive  shaft  of  tne  axis  of  blocks  are  based  on  the  ball 
bearings. 
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Th 3  permissible  maximum  shaft  strass  of  reducer  is  equal  to  0.5 
t,  which  by  an  order  exceeds  the  general/common/total  force  of  the 
iabalance  of  antenna.  This  saxes  it  possible  to  work  in  the  presence 
of  small  wind  pressure. 

Page  6. 

with  tha  high  winds  and  waen  radiotalescope  is  not  found  in  running 
order,  antenna  dishes  are  fixed.  Is  developed/processed  the  braning 
system  of  antenna  dish,  which  will  make  it  possible  to  work,  also, 
with  moderate  winds. 

The  degree  scales  are  attached  directly  on  tha  shaft  of  electric 
drive  in  its  middle  and  at  the  ends/leads,  and  also  on  tha  rotational 
axis  of  the  outer  and  average/mean  supporting  farms /trusses  of 
antenna  dish. 

Tha  antenna  dishes  of  radio  interferometer  ara  turned  around  the 
horizontal  axis  in  limits  of  0- IbO®,  beginning  from  the  southern 
horizon/level .  The  speed  of  rotation  of  mirror  is  equal  to  3°/min, 
the  accuracy  of  focusing/induction  in  the  declination  -  15-20  min. 
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Pig.  3. 

Kay:  (1) .  Fermat  mirror  is  intermediate.  (2) .  Fermat  mirror 
supporting/reference.  (3).  Strut  intermediate.  (4).  Strut 
supporting/reference.  (5).  Cabinet.  (6).  Rotational  axis  of  mirror 
(7).  Cable.  (8).  Block.  (8).  Rotational  axis  of  shaft.  (10).  r/min 
(11).  kW. 

Page  7. 


SYSTE8  OF  VIBRATORS 
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Half-wave  dipole  with  the  coaxial  slotted  feed.  As  primary 
sensor  (irradiator)  was  selected  a  75-  ohm  symmetrical  half-wave 
vibrator  which  is  supplied  from  the  coaxial  line  with  the 
longitudinal  quarter-wave  slot  (Fig.  4a) .  The  selection  of  this 
systen  is  caused  by  three  fundamental  requirements: 

-  obtainings  possibly  of  more  uniform  current  distribution  along 
the  focal  line  of  antenna,  which  will  lead  to  an  increase  in  the 
effective  antenna  area; 

-  guarantee  of  reliaole  protection  of  primary  feeders  and 
vibrator  itself  from  the  moisture; 

-  guarantee  of  compactness  and  lightest  possible  weight  of 
radiation  system. 
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J 
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whera  R„  -  wavs  iapadance  or  coaxial  feeder;  -  nave  iapedance  of 
the  section  of  slot  (Pig.  4a,  oetween  points  A  and  3)  ;  -  output 

resistance  of  vibrator;  R\  -  transforaed  to  the  coeson  line 
resistor/resistance  (Pig.  4a,  pcint  A). 

As  shows  foraula  (1)  wnen  R»<Rt.  slot  is  step-up  iapedance 
transforaer.  This  property  sraplifaes  the  power-supply  systen  of  a 
large  nuaber  of  parallel-connected  low-resistance  eaitters,  which 
occurs  in  the  case  of  the  descrxned  radiotelescope. 

Location  of  vibrators  on  tae  antenna.  Por  the  elongation/extent 
nine  asters  of  the  focal  line  of  antenna  are  placed  24  half-wave 
vibrators.  This  group  of  vibrators  subsequently  we  will  count  for  one 
section  of  antenna.  Eacn  section,  in  turn,  is  divided/aarked  off  into 
two  parts  on  12  vibrators  in  each.  They  cophasally  are  connected  up 
the  general/coaaon/total  coaxial  feeder  through  a  92-  oha  coaxial 
line  with  the  slot. 

The  feed  of  group  of  12  vinrators  is  produced  in  its  center.  It 
cophasal,  which  is  achieved  oy  the  selection  of  the  junction  of  the 
internal  vein/strand  of  lxne  to  tne  left  or  right  edge  of  the  slot  of 
vibrator.  The  distance  oetween  two  adjacent  vibrators  is  equal  \/2. 
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This  Maos  that  two  groups,  oa  b  vibrators  in  each 
(resistor/resistance  of  waica  it  transforms  itself  to  the  common 
coaxial  feeder  as  450  ohms) ,  ia  parallel  they  are  connected  between 
theeselves,  and  then  t hrouga  a  150-  ohe  quarter-wave  transformer  to 
the  ganeral/comaon/total  input  cf  sections. 

Diagram  of  one  of  the  viorators  with  the  indication  of  the  value 
of  resistance  at  different  points  is  given  in  Pig.  4a,  and  4b  is 
shown  the  photo  of  one  group  or  viorators.  By  by  of  trial  and  error 
of  the  paraaetars  slots,  diameter  of  internal  wiring  and  thickness  of 
the  fastening  insulators  of  tae  line  of  the  value  of 

resistors/resistancas  were  selected  by  such  that  general/common/total 
output  resistance  of  group  of  1z  vibrators  would  be  equal  to  the  wave 
iapedance  of  the  feeding  canle  (75  ohms) .  In  the  groups  of  vibrators 
were  not  used  the  tuning  elements/cells.  Before  carrying  out  serial 
production  of  the  groups  of  vibrators,  in  the  experimental 
saeples/specimens  with  the  large  tnoroughness  were  selected  the 
sizes/dimensions  of  all  elements/cells  of  vibrator,  line  and 
coordinating  element  s/cells,  and  tnen  during  the  production,  with  aid 
of  special  attachaer.  t,  they  observed  a  3trict  identity  of  all  groups. 
As  a  result  of  this  was  achieved/reached  almost  ideal  value 
coefficient  this  was  achieved/r eacaed  the  almost  ideal  value  of 
standing-wave  ratio  (ksv)  for  all  groups:  1.05+-0.0S  in  the  band  of 
frequencies  of  10  NHz  about  the  operating  frequency  and  1.15-1.20  in 
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the  band  of  frequencies  (J95-420)  MHz . 

Page  9. 

Section  of  24  vibrators  is  the  independent  system,  which  is 
tuned  on  the  earth/ground,  and  then  is  suspended  on  the  antenna  along 
its  focal  line  with  the  help  of  tne  cables  and  special  holders.  The 
sizes/diaensions  of  the  latter  were  selected  so  as  to  coapensate  the 
sagging  of  cables  and  sections  theaselves.  The  divergence  of  the  line 
of  vibrators  froa  the  focal  line  of  airror  does  not  exceed  0.05X  in 
the  worst  (froa  the  point  of  view  of  sagging)  antenna  position.  Since 
the  antanna  radiation  pattern  in  tne  plana  of  declination  is  not  vary 
narrow,  this  3hift  cannot  introduce  essential  error  into  the  results 
of  aeasureaents. 

Counter-ref lector .  The  systea  of  cables,  tfca  feeders  of  feed, 
holders  and  matching  ele sent s/cells  are  placed  on  the  plane  of  the 
counter-reflector  of  antenna. 

Counter-reflector  also  and  antenna  dish,  is  formed  with  the  help 
of  the  in  parallel  stretched  wires.  It  has  flat/plane  fors  for  the 
western  antenna  (by  width  •— X)  and  angle  sold  for  the  eastern 
antennas  (aperture  of  angle  of  — 1<+0°).  The  sizes/diaensions  of 
counter-reflector,  the  distance  of  vibrator  froa  the  focal  line  and 
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froa  tha  plana  o£  counter-ref lector  Mara  salectad  experiaentally  so 
that  edge  antenna  dishes  would  be  irradiated  by  tha  power,  which  doas 
not  exceed  lOo/o  of  the  power  by  tae  center,  but  the  line  of  phase 
centers  would  pass  along  the  focal  line. 
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Fig.  5. 

Kay:  (1).  To  tha  eastern  antennas  of  radio  interf eroneter.  (2). 
Badioaeter. 

Page  10. 

Feeders  of  feed.  The  overall  diagrae  of  the  feed  of  the 
vibrators  of  entire  antenna  is  given  in  Fig.  5,  where  T,  TIr  T8#  T 
■atched  tee-  transf orsers;  TK  -  crosspiece-transforaer;  GShG  -  cap 
noise  generator;  P  -  switch  of  feeders  and  FP  -  phase  switch.  Two 
halves  section  of  24  vibrators  are  connected  between  theaselves  by 
the  cable  of  a  3nall  attenuation  (hK-78)  and  by  guarter-wave  tee- 


DOC  =  80134001 


PAGE  18 


transformer.  The  sections  between  themselves  are  combined  in  pairs. 
The  lengths  of  all  cables  from  the  center  of  the  primary  group  of 
vibrators  to  the  input  cf  main  receiver  are  identical.  This,  as  we 
will  see  below,  it  ensures  soft iciently  broadband  for  entire  radio 
interferometer.  Groups  also  and  sections,  are  connected  between 
themselves  with  the  help  of  tne  specially  prepared  quarter- wave 
branch-  transformers  which  are  well  matched  with  cable  (ksv-1.1)  and 
are  hermetically  sealed.  Before  placing  feeders  on  the  antenna,  their 
electrical  lengths  with  the  help  of  the  grad  line  they  were  selected 
with  the  large  accuracy.  The  paase  error  in  the  arms  of  antenna  does 
not  exceed  one-two  degrees. 

At  the  output  of  every  four  sections  (96  half-wave  vibrators) 
occurs  the  preliminary  amplification  of  signal.  The  subsequent 
intermediate  amplification  of  signal  occurs  at  the  input  of  each 
antenna  of  radio  interferometer. 

Power  loss  in  the  caoies  from  the  preamplifier  (PU)  to  the 
general/common/total  input  of  antenna  (Fig.  5)  is  equal  3  da  —  2  of 
times) ,  and  from  the  input  of  antenna  to  the  main  receiver  9  dB  (6 
chasubles) .  Losses  in  the  section  from  the  vibrator  to  PU 
experimentally  were  not  determined.  Them  carried  to  the  losses  of 
antenna.  Calculated  values  of  these  losses  is  1.1  dB. 
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USE  OP  ANTENNAS  IN  A  COMPOSITION  OF  RADIO  INTERFEROMETER. 

Tha  selected  system  of  feeders  and  preamplifiers  makes  it 
possible  to  use  each  antenna  as  tne  separate  independent  and  as 
coaposite/compound  component  part  of  entire  radio  interferometer. 
Moreover  both  western  and  average/mean  eastern  of  antenna  separately 
can  be  used  as  the  system,  in  whicn  occurs  periodic  switching  of  the 
phase  of  signal  in  the  caole  of  the  feed  of  one  half  antenna  fabric. 

In  the  composition  of  fundaaental  radio  interferometer  they  are 
used  average/mean  eastern  and  western  antennas.  Tha  effective  area  of 
two  outer  eastern  antennas  in  comparison  with  the  total  effective 
area  is  small,  they  cannct  maxe  a  significant  contribution  to  the 
formation  of  radiation  pattern  and  improvement  in  the  sensitivity  of 
entire  radio  interferometer;  tnerefore  they  in  essence  will  be  used 
together  with  average  eastern  antenna  or  with  its  part  when  will 
arise  the  need  for  making  more  precise  the  declination  of  radio 
source  or  its  structure  in  the  vertical  plane.  For  this  case  is 
provided  the  possibility  to  differently  combine  three  eastern 
antennas:  all  three  together,  extreme  between  themselves  and 
average/mean  with  the  extreme  ones. 


Page  11 
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la  the  feeders,  which  go  to  tne  outer  eastern  antennas,  are  phase 
inverters  for  the  shift  of  interference  pattern  in  the  vertical 
plane,  which  are  the  graduated  segments  of  the  coaxial  line  of  the 
variable/alternating  length,  in  each  arm  which  smoothly  vary  the 
phase  of  signal  in  limits  of  0  to  130°.  These  lines  are  uniform  and 
well  matched  between  themselves;  therefore  a  change  in  their  length 
with  the  phasing  of  interferometer  does  not  introduce  further  errors. 

Outer  eastern  antennas  can  be  combined  with  two  halves  the 
westarn  antenna  and  to  have  two  independent  interferometers  whose 
bases  are  deflacted  to  the  different  sides  relative  to  line  the  east 
-  west.  This  gives  the  possibility  to  raise  the  accuracy  of  the 
determination  of  the  right  ascension  of  radio  source  by  its 
simultaneous  observation  by  tnese  interferometers. 

Is  provided  also  the  possibility  with  the  help  of  the 
automatically  operational  system  of  phase  inverters  to  scan 
interference  radiation  pattern  in  the  vertical  plane  so  that  to 
immediately  solve  the  radio  sources  which  simultaneously  are  within 
the  limits  the  antenna  radiation  pattern.  This  problem  can  be  solved 
also  by  the  use/application  of  the  well  untied  between  themselves 
multichannel  feeder  and  receivers. 


CHARACTERISTICS  OP  ANTE8HA  PEEDhfi  UNIT 
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The  antenna  radiation  pattern  of  radio  interferometer  in  the 
vertical  plane  is  the  radiation  pattern  of  parabolic  reflector  with 
the  aperture  18  and  15  o  for  tae  western  and  eastern  antennas 
respectively.  Since  the  edge  of  mirrors  they  are  irradiated  weakly, 
radiation  pattern  in  the  vertical  plane  is  obtained  somewhat  wider 
than  the  calculated.  Due  to  this  is  reduced  the  dissipation  of  energy 
on  the  side  lobes  of  antenna.  According  to  calculation  data  the  width 
of  radiation  pattern  in  tais  plana  composes  2°  5*  for  the  western 
antenna  and  3°  for  the  eastarn  antennas. 

The  antenna  radiation  pattern  in  the  horizontal  plane  is 
determined  by  tha  formula  or  copaasal  grating  which  in  the  units  of 
power  and  in  the  standardized/noraalized  fora  is  expressed  by  formula 
(2)  [3] 


Here  9  -  angular  distance  of  source  from  the  normal  to  the  plane 
of  antenna  aperture,  the  secant  of  interferometer  spacing;  d=\/2  - 
distance  between  tha  adjacent  elements/cells  of  grating;  X  - 
wavelength;  N  -  number  of  eleaents/cells  in  the  grating,  equal  to 
576.384  and  144  for  western  (A^,  average/mean  the  eastern  (A3)  and 
outer  eastern  (A2  and  A*}  antennas  of  radio  interferometer 
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respectively  (Fig.  1);  k=2»/x  -  nave  number. 

Page  12. 

Khan  two  halvas  antenna  are  connected  between  themselves  through 
the  davice/eguipment ,  whicn  periodically  changes  over  the  phase  of 
signal  on  180°,  radiation  pattern  £5] 


Fs  (9)  =  4F.V/*  (0)  F,  (0);  FH  (0)  =  cos  ( <p  —  )  '• 


F .v/:  (0)  = 


whera  ’t  -  permanent  phase  difference;  FB_i0t  -  interference  factor. 
Fig.  6a  gives  calculated  radiation  patterns  for  the  western  and 
eastern  antennas  of  radio  interferometer  (curves  Ft  and  f2 
respectively),  obtained  in  the  machine  "Nairi-2W.  Is  to  the  right 
given  the  recording  of  radio  source  Deva-A  (30274)  ,  obtained  on 
antenna  A  t .  Scale  corresponds  to  one  angle  degree,  on  the  dotted 
graphs  is  shown  the  curve  F,  wnich  corresponds  to  this  recording.  The 
conformity  of  experimental  design  data,  as  we  see,  satisfactory. 

In  Fig.  6b  are  introduced  radiation  pattern  of  side  lobes  on  the 
increased  scale  along  the  axis  cf  ordinates. 
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Interference  diagram.  For  tna  fundamental  antennas  of  radio 
interferometer  (At  and  (A3)  in  tne  plane  of  right  ascension 
interference  diagram  in  the  composite  form 

F„A,AjQ)^FAl{Q)^FA,(e)enl>^>  ; 

0  =  -^-sin(9 — a);  4'0=  kD  tg  a  sin  (y — a), 
cos  n 

where  Fa ,  and  F ifli  -  antenna  radiation  pattern  Ax  and  Aj  on  the 
strength  of  field;  D  -  interferometer  spacing  the  east  -  west  in  the 
plane  of  the  horizon/level;  <r=Q.5°  -  angle  of  the  slope  of  true 
interferometer  spacing  from  horizontal  line  of  7=40.5°  -  latitude  of 
3y  uralcan. 


After  simple  conversion  for  the  interference  function,  expressed 
in  the  units  of  power,  we  will  obtain 

F„  P  <9>  * !  ,4i,.4i  l®)  'r  =  Fa,  +  Fa,  +  2FaFa,  cos  (P  - 

If  in  the  interferometer  is  applied  the  device/egui pment ,  which 

periodically  changes  over  the  phase  of  signal  in  one  arm  on  130°, 


then  [ 4  ] 

F(Q)~FH  p(P  +  fo+  •■*)—  F»  p  (P  —  M’o)  =  cos(.p  — (3) 

In  the  arms  of  interferometer  are  introduced  the  further 
segments  of  the  line  of  variahle/alterna ting  length  for  the 
compensation  for  a  phase  difference  $«•  by  the  caused  difference  in 
the  levels  of  antennas  Ax  and  a3.  In  this  case  in  expression  (3)  it 
is  possible  to  tafce  ^'o  =  0 


1 
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Effective  antenna  area  was  evaluated  according  to  the  flow  of 
the  series/row  of  the  supporting/reference  sources  of  cosmic 
radio- frequency  radiation.  All  losses  of  antenna  and  antenna  feeder 
units  prior  to  the  input  ?ll  (Pig.  5)  refered  to  the  losses  of 
antenna.  Separately  were  detecained  the  effective  areas  of  one 
section  of  antenna,  four  sections  and  entire  antenna.  For  the 
coefficients  of  the  use  or  an  area  respectively  were  obtained  the 
values:  0.5;  0.4  and  0.34.  The  aetnod  of  aeasuring  these  coefficients 
is  in  detail  presented  below.  From  given  data  it  follows  that  the 
noticeable  part  of  the  energy  of  useful  signal  is  lost  in  the  cables 
between  the  output  of  sections  and  the  input  PU,  that,  in  turn,  he 
indicates  the  need  for  the  selection  of  an  optinum  nuober  PO  and 
their  approxiaation/appxoacn  to  an  output  of  sections. 

Level  of  lateral  lobes.  The  radiation  pattern  of  nultiunit 
antenna  unavoidably  has  side  lobes.  For  a  decrease  in  the  level  of 
these  lobes/lugs  into  the  antenna  to  technology  are  applied  different 
methods,  in  particular,  is  selected  the  corresponding  law  of  current 
distribution  according  to  the  antenna  dish  or  according  to  its 
eleoents/cells.  As  a  rule,  the  current  strengths  on  the  edges  of 
•irror  or  on  the  extreme  eleoents/cells  reduce  on  the  specific  law. 


In  the  described  radiotelescope  a  decrease  in  the  side- lobe 
level  in  the  vertical  plane,  as  it  was  noted,  is  achieved  by  the  weak 
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irradiation  of  the  edges  or  cylindrical  airror  (about  5-10o/o 
relative  to  th9  power,  whicn  falls  to  the  middle  part  of  the  airror) . 

Distribution  of  the  current  strength  according  to  the  vibrators 
of  the  sections  of  the  antennas  of  radio  interferometer  unifora  along 
the  focal  line. 

Page  14. 

Consequently,  in  the  plane  of  right  ascension  the  side-lobe  level  is 
obtained  not  less  than  it  is  deterained  by  the  given  higher  formula. 
True,  the  length  of  mirror  on  (2-3) X  more  in  comparison  with  the 
length  of  the  line  of  vibrators,  and  the  current  strengths  in  the 
extreme  groups  of  vibrators  are  somewhat  reduced  in  comparison  with 
the  average  groups;  however,  this  does  not  significantly  vary  common 
diffraction  pattern.  In  this  plane  the  side-lobe  level  in  essence  is 
characterized  by  the  heterogeneity  of  antenna  feeder  unit  (on  the 
phase  and  by  the  amplitude  of  current  in  thea) .  Therefore  were 
applied  all  possible  measures,  in  order  these  heterogeneities  to 
reduce  to  a  minimum. 


The  decrease  of  the  side-lobe  level  of  common  interference 
pattern  favorably  is  manifested  the  following  fact,  in  the  line  the 
east  -  west  the  sizes/diaensions  of  the  airrors  of  the  eastern  and 
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vestarn  antennas  of  radio  interferometer  are  different,  they  relate 
as  by  2:3.  Because  of  this  the  maximuas  and  zero  radiation  patterns 
of  one  antenna  are  displaced  relative  to  aaxiaums  and  zero  another. 

£ nd  whan  interferometer  works  oy  the  method  of  phase  switching,  with 
which  the  radiation  patterns  of  two  antennas  are  multiplied,  a  number 
of  side  lobes  increases  in  the  limits  of  the  solid  angle  of 
interference  diagram,  and  their  level,  beginning  from  the  second, 
noticeably  it  is  reduced  (Pig.  6,  the  curve  P4)  .  The  appearance  of  a 
large  negative  lobe/lug  does  not  accordingly  make  the  resolution 
worse  of  radio  interferometer,  since  it  is  within  the  limits  of  main 
thing  and  the  first  of  side  lobes  and,  furthermore,  with  this  form  of 
curve  one  can  see  well  the  presence  of  adjacent  source.  The 
advantages  of  this  method  are  in  more  detail  presented  in  work  [5]. 
This  system  has  another  advantage.  If  this  source  is  observed  twice: 
one  time  by  simple  interference  method,  and  another  time  by  single 
switching,  than  from  the  analysis  of  the  recordings  of  observations 
error-free  it  is  possible  to  determine,  it  is  this  recording  the 
signal  of  real  source  of  this  is  trace  from  the  intense  source, 
accepted  by  the  side  lobe  of  antenna.  If  recording  is  the  signal  of 
real  source,  then  transit  time  must  not  depend  on  the  method  of 
observations. 


RECEIVER 
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Preamplifier.  At  the  heignt  of  each  group  of  four  sections  of 
antenna  is  connected  one  cascade/stage  P0  (Pig.  7),  carried  out  on 
the  diagram  "grounded  grid",  it  is  asseebled  on  the  high-frequency 
ceramic  triodes  of  the  type  6C17K  l) . 

FOOTNOTE  1 .  At  present  these  amplifiers  are  replaced  transistor  with 
the  factor  of  the  noise  -3  dB.  ENDPOOTNOTE. 

Besonators  coaxial  are  connected  in  the  circuit  of  anode  and  cathode 
of  tube.  Their  tuning  for  the  resonance  frequency  and  to  the  optimum 
coupling  is  realized  with  tne  aelp  of  variable/alternating  air 
capacitors,  entering  the  construction/design  of  resonators 
themselves. 

Page  15. 

Output  signal  is  removed/takea  froa  the  grounded  end/lead  of  coaxial 
cavity  near  the  current  antinode.  This  low-resistance 
inclusion/connection  simplifies  the  agreement  of  the  output  of 
amplifier  with  the  cable.  Noise  factor  is  equal  to  2.8  (-4.5  dB)  , 
power  gain  36  (-16  dB) .  The  resonance  frequency  of  408  MHz,  passband 
(3-10)  MHz.  With  the  work  of  antenna  in  the  system  of  the 
interferometer  between  its  inpur  and  main  cable  is  switched  on  by 
intermediate  the  preamplifier  of  signal  (PP0)  . 
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Fundamental  receiver  -  superheterodyne  type.  Its  input 
amplifiers  are  also  assembled  on  the  triodes  6C17K  and  have  the  same 
construction/design  as  P0.  Sixer  -  crystal,  with  the  coaxial  cavity. 
The  frequency  of  heterodyne  383.86  MHz  is  stabilized  by  quartz  (55th 
crystal  harmonics) .  This  noticeably  improves  the  stability  of  entire 
receiver.  In  the  intermediate  frequency  -  24  MHz  main  receiver 
branchas  to  tvo  channels  witn  the  bands  of  frequencies  of  1  MHz  for 
interference  observations  and  i  MHz  for  the  observations  with  one 
antenna.  The  overall  gain  of  main  receiver  can  be  regulated  in  the 
limits  of  100-120  da.  The  time  constant  of  end  device  varies  through 
discreta/digital  values  of  0.05;  0.1;  0.5  and  4  s.  The  remaining 
units  of  receiver  are  usual. 

Phase  antenna  switch  (FP)  is  carried  out  on  the  semiconductor 
changing  over  diodes  of  tne  type  D501Zh  (approach  also  diodes  DSOI/} 
and  D501\feJ  .  Its  schematic  diagram  is  given  in  Fig.  3. 

For  the  exception/elimination  of  sharp  transitions/junctions  the 
switch  is  designed  in  the  form  of  coaxial  ring.  At  the  ends/leads  of 
the  quarter-wave  sections  are  variable/alternating  disc  capacitors  - 
C.j,  -  for  tuning  of  switca  for  tne  operating  frequency.  Changing  over 

UJlti-v 

reference  sine  voltage  0.6-0. 8  v'* frequency  of  37  Hz  is  supplied 
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froa  the  standard  audio  signal  generator  (ZG-10)  of  stable  feed. 
Switching  the  phase  of  signal  on  160°  is  realized  with  the  error  not 
more  than  one  degree.  Power  losses  in  the  switch  coopose  7o/o  (0.3 
d3) .  Analogous  diagram  has  amplitude  switch.  In  it  at  point  A  (see 
Pig.  8)  ring  is  cut  into  two  branches  to  which  are  connected  the 
antenna  and  the  equivalent  noise  source. 


I 

j 

i 
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Page  16. 

CALIBRATION  OP  RADIO  I  NT ERP EfiOiifiTEfl. 

Tha  calibration  of  nultiua.it  radiotelescopes  with  tha  help  of 
the  local  standard  noise  sources  ia  the  Majority  of  tha  cases  is 
connected  with  the  great  technical  difficulties  or  is  alaost 
impossible.  In  such  cases,  as  a  rule,  calibrates  itself  aaia 
receiver,  and  systaa  PCJ  and  feader  circuit  remain  without  the 
control/checking.  As  the  aost  perfect,  naturally,  is  considered  the 
calibration  of  nultiunit  antenna  systems  with  the  help  of  the 
supporting/reference  space  sources;  however,  this  not  completely 
sufficient,  since  always  after  the  arrival  of  the  signal  of  the 
observed  source  it  is  impossible  to  directly  record  the  signal  of 
supporting/reference  source.  Virtually  frequently  it  is  necessary 
signal  from  tha  latter  tc  write/record  through  several  hours  during 
which  can  be  changed  the  parameters  of  antenna  feeder  circuit  and 
radiometer.  Does  not  remain  constant  and  the  effective  antenna 
ambient  temperature  in  the  directions  of  the  measured  and 
supporting/reference  sources.  By  another  difficult,  by  aost 
essential,  problem  is  the  realization  of  control/checking  of  the 
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quality  of  tha  work  of  the  individual  sections  of  aultiunit  antennas. 
This  problem  even  more  is  complicated,  when  system  extended  also  in 
each  element/cell  or  group  of  element  s/cells  occurs  the  preliminary 
amplification  of  signal  vita  tne  sufficiently  high  coefficient  of 
pover  gain.  In  that  case  the  calibration  of  radiometer  from  the  input 
of  main  receiver  is  insufficient  for  calibrating  the  radiation 
source,  since  noises  and  instability  of  equipment  in  essence  vill 
depend  work  of  P0. 
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Pig.  3.  Kay:  (1)  .  V.  (2) .  tiz. 

Page  17. 

Furthermore,  la  the  multiunit  extended  systems  when  the  length  of 
feeder  lines  from  Pt)  to  the  main  receiver  composes  hundred  or 
thousands  of  wavelengths  and  they  are  badly/poorly  shielded  from  the 
effect  of  ambient  conditions  (change  in  the  temperature,  humidity, 
different  electrical  f ccusings/mductions  and  others)  ,  and  a  number 
of  tuning  and  coordinating  elements/cells  reaches  ten  and  hundred, 
the  characteristics  of  antenna  feeder  circuit  in  the  time  can  vary 
and  it  is  essential  to  affect  the  results  of  measurements.  Is 
important  the  fact  that  the  parameters  of  PD  themselves  also  can  vary 
in  the  time  by  very  differently. 
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On  reasons  indicated  anove  appears  the  need  for  calibrating  or, 
at  least,  to  monitor  mcde/conditions  of  the  work  of  radiotelescope  at 
least  in  the  section  from  tne  inputs  of  preamplif iars  -  all 
amplifiers  together  and  eaca  individually. 

In  the  described  radio  interferometer  for  the  partial  solution 
of  this  problem  it  is  provided  in  each  P0  to  place  the  separate  cap 
of  noise  generator  GShG  (see  Pig.  7) ,  which  in  parallel  with  the 
section  of  antenna  constantly  is  connected  to  the  input  of  PU  through 
the  directional  coupler.  The  feed  of  noise  caps  and  corresponding 
measuring  meters  generai/common/total  for  all  amplifiers  is 
ac ‘ anged/locat9d  on  the  main  receiver.  Peed  to  the  separate  noise 
caps  can  be  supplied  separately  to  each  or  simultaneously  to  all. 

This  gives  possibility  periodically,  also,  without  the  large 
expenditure  of  time  to  calmrate  both  entire  system  as  a  whol9  and 
its  separate  sections,  beginning  from  the  input  of  PD.  But  the  latter 
are  sufficiently  closely  conducted/supplied  to  the  primary  vibrators 
(length  of  the  line  between  them  only  of  50  wavelengths) ,  and, 
furthermore,  these  lines  are  done  from  the  cable  of  a  small 
attenuation,  it  is  well  shielded  from  the  penetration  of  moisture  and 
are  located  under  identical  temperature  conditions.  As  showed 
experiment,  the  parameters  of  tnese  sections  substantially  do  not 
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vary  in  the  small  tine  interval,  determined  by  the  transit  time  of 
the  radio  source  througn  the  antenna  radiation  pattern  and  time  of 
recording  reference  signal.  It  is  completely  sufficient,  if  these 
sections  of  line,  just  as  entire  radiotelescope,  two  or  three  times 
will  calibrate  itself  according  to  the  well  selected  intense  space 
radio  sources. 

Of  course  for  the  f uli/total/coaplete  calibration  it  would  be 
desirable  standard  noise  signal  to  supply  not  by  n  the  input  of 
amplifier,  but  directly  to  the  primary  irradiator.  This  problem  is 
technically  difficult,  since  tae  remote  zone  in  which  it  is  necessary 
to  place  the  standard  noise  source,  composes  hundreds  of  icilometers 
and  virtually  it  is  not  possible  to  ensure  the  reception  of  reference 
signal  of  necessary  amplitude  and  stability.  However,  it  is  possible 
the  standard  generator  to  place  also  in  the  near  zone  such  that  by 
the  branched  from  it  power  to  irradiate  primary  vibrators  or  groups 
of  vibrators.  The  creation  of  tnis  system,  in  the  principle, 
possibly,  and  a  question  of  its  practical  implementation  is  studied. 

A  question  of  the  use/appiication  of  PC  in  the  auitiunit  antenna 
systems  is  examined  in  works  [o,  7  J.  Hare  it  will  be  examined  in 
connection  with  the  described  interferometer,  mainly,  from  the  point 
of  view  of  the  absolute  calibration  of  the  auitiunit  antenna  systems, 
which  contain  numerous  ?U. 
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Daring  the  computations  we  will  disregard  the  noises  of  the  galactic 
background.  This  will  not  introduce  significant  error,  since  radio 
interferometer  in  the  majority  of  the  cases  will  work,  by  the  method 
of  phase  switching  and  the  antenna  radiation  pattern  is  sufficiently 
narrow  in  order  to  exclude  the  reception/procedure  of  the  radio 
emission  of  galactic  background.  As  far  as  regions  are  concerned 
separate  of  the  intanse  radio  amission  of  the  background  of  galaxy, 
then  we  will  carry  them  to  the  group  of  the  extended  galactic  radio 
sources,  about  which  it  will  be  sard  below. 

For  the  absolute  calibration  of  the  radio  emission  adopted  our 
antenna  we  will  consider  as  tne  system,  which  consists  of  n  of  the 
linear,  in  parallel  connected  four-poles.  Number  n  we  will  take  as 
the  equal  to  a  number  of  PU.  If  we  to  the  input  of  the  i-th  of  these 
four- poles  supply  noise  power  p„  taen  the  total  power  of  signal  at 
the  input  of  the  main  cable 

n 

Pc  =  y  i\igtPi,  Pi = A,i  i  ftS.  (•*) 

i«=  I 

where  -  1  -  transmission  factor  of  the  power  of  the  i  branch  of  line; 
3  -  coefficient  of  the  power  gain  of  the  i  amplifier;  A.,  the 
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affective  area  of  the  i  group  of  the  sections  of  antenna  taking  into 
account  the  loss  in  the  cables  m  the  section  up  to  PU;  A i-.  the 
band  of  frequencies  of  the  i  amplifier;  S  -  density  of  the  flow  of 
the  radia tion/amission  adopted,  which  we  will  consider  constant  in 
all  sections  of  antenna  aperture.  In  particular,  when  amplifiers  and 
corresponding  branches  are  identical,  i.e.,  when 

Tl>  =  n-  g-.-g.  -3a.  =  .3.5  n,  p,  =  p  and  Af,  =  A/  for  all  values  of  index  i 

then 

Pc  =  nr]gp=T\g\fSA,-,  p  .  (5) 

n 

This  power  is  further  amplified  by  main  receiver,  and  it  it  is 
possible  to  rate/estinate  simply:  po—pcgwo,  where  vjo  the 
transmission  factor  of  the  power  of  aain  cable,  and  the  led  to  the 
band  coefficient  of  the  power  gain  of  the  aain  receiver 

8t-8  (61 

g0  and  Af0  -  factor  of  aaplif rcation  and  band  of  the  frequencies  of 
the  aain  receiver  adopted  respectively.  We  accept  Af„<Af.  Comparing 
the  aaasured  by  method  indicated  aoove  power  of  radio  source  with  the 
equivalent  horsepower  of  noise  generator,  from  equality  P  =P  let  us 
determine  the  value  of  the  antenna  temperature  of  radio  source 
[8]. 


It  is  hare  necessary  to  focus  attention  on  two  facts.  Completely 
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it  is  clear  that  the  signals,  rfaj.cn  go  from  the  different  standard 
generators,  are  incoherent  white  noises,  and  in  order  to  compare  them 
with  the  signal  of  observed  point  source,  coherent  at  the  output  all 
P(J ,  it  is  necessary  to  use  a  compensative  or  amplitude-modulation 
radiometer;  this  comparison  will  be  f ull/total/coaplete. 

Page  19. 

When  is  used  the  phase-switching  device/eguipaent  at  the  input  of 
fundamental  receiver,  then  signals  from  the  noise  caps  are  not 
modulated,  in  contrast  to  the  useful  signal  whose  phase  varies  with 
the  passage  of  the  radio  source  tarough  the  antennas  of 
interferometer  and,  therefore,  is  modulated  during  the  switching.  3ut 
since  the  sections  of  antenna  are  not  ideally  matched  with  the  cable 
and  switching  system  itself  is  not  also  ideal,  then  at  the  output  of 
radiometer  will  be  always  different  from  zero  signals  from  the  noise 
caps,  which  we  will  call  the  error  signal.  If  it  are  calibrated  by 
the  signal  of  known  radio  source,  it  is  possible  to  measure  the 
signals  also  of  other  sources,  since,  beginning  from  the  input  of  ?U, 
any  change  in  the  parameters  of  radiometer  will  equal  affect  the 
value  of  the  measured  signal  and  error  signal. 


SENSITIVITY  OF  RADIOTELESCOPE 
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By  sensitivity  of  radiotelescope  is  understood  the  minimum  flux 
of  radio  emission,  which  can  na  distinguished  at  the  level  of  the 
noreal  noises,  which  appear  in  all  its  nodes,  from  the  antenna  to 
output  amplifier.  Por  ultimate  sensitivity  they  usually  accept  the 
half  the  power  of  noise  path/tracic. 

If  all  noises  (galactic  background,  antenna  itself,  feeder 
circuit,  preamplifiers  and  fundamental  receiver)  are  related  to  the 
input  of  antenna  and  equivalent  noise  temperature  are  designated 
through  T3,  then  the  sensitivity  of  radiotelescope,  which  corresponds 
to  the  half  power  of  noise  path/track,  will  be  expressed  by  the  known 
formula: 

c  2iu.v,-n  _  2 

mtn^  a^TJT  .i,i  a/t’ 

where  ro~~30Q°K  -  ambient  temperature;  .Vs  =  (r,-  T0)Tu  the  equivalent 
factor  of  the  noise  of  entire  radxotelescope ;  •-U  affective  antenna 

area;  hf  -  bandwidth  of  the  reception/procedure ;  r  -  time  constant  of 
output  device;  k  -  Boltzmann  constant. 

As  can  be  seen  from  formula  (7),  for  determining  the  sensitivity 
or,  which  is  the  same,  for  the  precise  measurement  of  weak  flows  is 
necessary  and  is  sufficient  accurately  to  measure  TV  and  -i  for 
this  radiotelescope,  whicn,  by  tne  way,  presents  great  practical 
difficulty,  especially  in  tne  case  of  multiunit  radio 
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interferometers.  Determination  if  and  r  difficulty  does  not  present. 

Por  definition  each  branch  of  the  antenna  (section  from  the 

section  to  its  input)  of  radio  interferometer,  in  turn,  we  will 
consider  as  the  system  of  series-connected  active  and  passive 
networks  with  all  inherent  noise  and  transmission  factors  of  power 
(Pig.  9)  . 


Page  20. 


If  thesa  branches  are  identical  and  everywhere  occurs  the 
full/total/complete  agreement  of  four-poles  with  the  feed  lines,  then 
for  the  equivalent  noise  temperature  it  is  possible  to  write 
following  expression  [9,  10]: 


-r  _ -r  7~yi  _ 

1  j  *  am  1 


Tv, 


+ 


'Im  Tki  8yi  tTki'1k!  Sy\  T\KiT\xt  SyiByi  'Vi'Vs’Ttu^yioy: 


Here  T’am  the  total  noise  temperature  of  the  background  of 
galaxy,  antenna  and  cable  up  to  PU;  rK=r,»(l—  %i  -  the  noise 
temperature  of  the  corresponding  cut  cables;  ^  TM.  Tv:.  fKl  -the 

transmission  factors  of  the  power  of  the  corresponding  sections  of 

gyu  § y-anW  7" y i :  Ty j 

line;  factors  of  amplification  and  noise  temperatures  of  PD 

and  PP0  respectively;  Trr  the  noise  temperature  of  fundamental 
receiver.  Table  1  gives  the  values  of  the  coefficients,  entering  into 
formula  (8)  for  the  western  antenna  At  (analogous  characteristics  has 
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the  eastern  antenna  of  radio  interferometer) ,  whil9  in  Table  2  - 
value  T-»  X  and  Smin  fcr  different  cases  of  connecting  of 
preliminary  and  through  repeaters,  and  also  values  of  their 
characteristics.  Daring  the  computation  of  equivalent  antenna 
temperature  were  accepted  the  following  values  of  the  parameters: 
Af=1  MHz,  r= 4  s  and  ,4,  =  2000  m2.  &ata  of  table  show  that  with  assigned 
magnitude  .4-,  and  the  character istics  of  cable  the  value  of  minimum 
flow  which  can  be  recorded  by  the  given  radiotelescope,  strongly  it 
depends  on  a  number,  characteristics  and  connection  point  of  PU  and 
PPU. 


During  the  determination  of  the  sensitivity  of  radiotelescope 
the  noises  of  th9  radic  emission  of  galactic  background 
included/connected  in  the  composition  of  antenna  noises  whose  value 
in  the  direction  Earth's  north  pole  was  determined  by  the  following 
method. 
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Pig.  9.  Kay:  (1)  .  To  adjacent  P U. 

Table  1. 


o')  -  i 

Koi$$nuHeHT  nepcAMH  Ka6e.i*ft  1 

S'  lllyny  k*6«jkA.  °K 

.Ko  *$><$)  huhcht  ycH/ie  * 

1 1  HHfl  np«AyCH^«- 
l**  t ejiew .  do 

V 

1  '  K3 

rK.  !  r*T  !  ! 

|  iy+ 

0.75 

0,50  |  0.10 

;  75  I  150  j  770 

16  [  16 

1 

!  1  !  i 

I  1  1  ! 

Key:  (1).  Transmission  factor  of  cables.  (2).  Noises  of  cables.  (3). 
Pactor  of  amplification  of  preamplifiers,  da. 

Page  21. 

Antenna  they  directed  toward  tae  pole  and  was  fixed/recorded  the 
conditional  level  of  the  output  noises  of  simple  compensative 
radiometer.  Than  to  input  of  one  of  the  amplifiers  instead  of  the 
cable,  which  goes  from  four  sections  of  antenna,  they 
included/connected  the  marched  load  and  at  an  ambient  temperature 
again  was  fixed/recorded  the  level  of  output  noises.  Finally,  matched 
impedance  they  transferred  to  rhe  input  of  one  section  and  was 
fixed/racorded  a  change  in  the  level  of  output  noises.  The  further 
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corrasponding  jumps  of  the  level  of  output  noises  calibrated  by  the 
located  in  preamplifier  standard  noise  generator.  After  simple 
computations  for  Tim  sere  obtained  values  of  — 250°K. 

rha  problem  of  computing  the  value  •'U  for  the  multiunit  antenna 
systems  more  complicated,  and,  as  a  rule,  calculation  and  real  data 
do  not  coincide,  since  not  always  it  is  possible  to  accurately 
determine  field  distribution  in  antenna  aperture  or  to  measure  its 
precise  radiation  pattern.  For  this  reason  also  were  determined 
experimentally  -  measurement  of  the  antenna  temperature  of  the 
series/row  of  the  intense  space  radio  sources,  spectral  flow 
distribution  of  which  is  well  mown.  The  recording  of  the  signals  of 
several  sourcas,  obtained  with  the  help  of  the  western  antenna  of 
radio  interferometer  Mireo** 3900  .«-)  together  with  reference  signal  of 
the  noise  generator  T=30°K,  is  given  in  Pig.  10. 


k 
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Note.  Given  in  the  table  data  correspond  to  the  average/aean 


characteristics  of  the  working  or  develo ped/processed  in  the  USSR 


anplif iers. 


Key:  (1).  Circuit  diagra*  and  characteristic  of  P0.  (2).  un.  of  flow. 

(3) .  Without  use/application  of  P(J.  (4) .  One  cascade/stage  of  PU  at 
input  of  each  group  cf  fcur  sections  on  tubes  6S17K  with  coefficient 
of  power  gain  of  16  dB  and  inherent  noise  of  600°K.  (5) .  The  same, 
plus  ganeral/coaaon/total  amplifier  at  input  of  aain  cable  (operating 
version) .  (6) .  On  two  cascades/stages  of  PO  to  each  group  of  four 
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sections  with  the  sn«  characteristics.  (7)  .  One  cascade/stage  of 
parametric  aaplifier  tc  eaca  group  of  12  sections  of  antenna  with 
factor  of  amplification  20  d3  and  inherent  noise  of  1QG°K.  (8). 
Transistor  aaplifier  to  every  2  sections  of  antenna  with 
amplification  25  dB  and  noises  or  J50°K.  (9).  One  cascade/stage  of  pu 

at  input  of  each  group  of  four  sections  on  tubes  6S17K  with 
coefficient  of  power  gain  of  1o  do  and  inherent  noise  of  600°K,  but 
receiver  at  input  of  antennas  Ax  and  a3. 

Page  22. 

The  values  of  the  effective  area  of  this  antenna  (An>.  calculated 
according  to  the  value  cf  antenna  taaperature  i Tint  and  flux  of  radio 
emission  iS„,  of  these  sources  £11]  according  to  the  formula 

Ai,—  2kTe,'Za,  (9) 

and  also  the  corresponding  values  cf  the  coefficient  of  the  use  of  an 
antenna  area  are  given  in  Table  3. 

Data  of  table  show  tnat  the  average/aean  value  of  the 
coefficient  of  the  use  of  an  antenna  area  composes  34o/o,  what  is 
sufficiently  good  result  for  diffraction  type  antennas.  Some 
disagreements  of  the  value  of  tnis  coefficient,  obtained  on  the  basis 
of  different  sources,  are  caused  by  the  fact  that  in  the  period  of 
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these  control  aeasurenents  the  anter ..  i  v as  turned  through  the 
discr eta/digital  values  of  declinations  and  radio  source  is  not 
always  passed  strictly  on  tae  maxiaua  of  diagraa.  For  the 
introduction  of  the  corresponding  correction  the  antenna  tenperatures 
of  sources  3S75  and  3S70  respectively  increased  1.4  and  1.1  tiaes 
(according  to  the  data  of  radiation  pattern  on  the  declination) . 
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Table  3. 
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Radio  source.  (2).  Antenna  tenparature.  (3).  Density  of 
un.  of  flow.  (4)  .  Effective  area.  (5)  .  Coefficient  of  use 
stalks)  of  antenna  At.  (6).  A varage/raean  value  of  stalks  o 
i  on  four  aeasureaents. 
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A  comparatively  Large  disagreement  of  values  of  effective  area 
is  caused  by  the  fact  that  the  rlows  of  radio  sources  in  the  catalogs 
are  given  with  the  accuracy  +-15-10)0/0. 

on  the  basis  of  given  in  Table  2  data  it  is  not  difficult  to 
conclude  that  during  the  use/application  of  more  sensitive  parametric 
or  transistor  amplifiers  or  by  multistag ing  in  the  operating 
amplifiers  and  approaching  the  place  of  their  inclusion  to  primary 
radiations  it  is  possible  1.5-2  times  to  increase  the  sensitivity  of 
radiotelescope.  Without  the  special  work  tvo  times  it  is  possible  to 
raise  sensitivity  by  an  increase  Af  and  v.  Then  ultimate  sensitivity 
of  radiotelescope  achieves  0.25  unity  of  flow.  If  we  consider  that 
technical  sensitivity  two  times  lower  than  ultimata  sensitivity,  then 
it  is  obtained,  that  the  radio  sources  with  the  flow  of  0.5  unity  can 
be  observed  with  the  help  of  the  described  radiotelescope  during  the 
use  of  all  its  real  possibilities.  Of  this  it  is  possible  to  be 
convinced  also  from  the  following  simple  analysis  of  the  recordings 
of  radio  sources,  given  in  Pig.  10.  In  them  the  temperature  of  noise 
path/track  composes  ~0 . 5°K,  which  for  .  .ii3=  1350  and  2 i»=  1 000=K 
corrasponds  to  the  critical  angle  of  s=1  unity.  For  entire  radio 
interferometer  when  simultaneously  are  used  all  antennas  in  effective 
area  not  less  than  2000  m*,  tnis  number  decreases  approximately 
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doubly. 

SCIENTIFIC  PROGRAM. 

In  conclusion  it  is  possible  to  say  several  words  about  the 
program  of  research  which  it  is  proposed  to  carry  out  with  the  help 
of  dascribed  interferometer.  It  switches  on  the  study  of  galactic  and 
extragalactic  radio  sourcas  (discreta/di gital  and  extended) ,  the 
study  of  pulsars,  the  measurement  of  the  angular  dimensions  of  radio 
sources,  etc.  Interferometer  maxes  it  possible  with  the  large 
accuracy  to  conduct  the  measurement  of  the  flows  of  extragalactic 
sources,  which  is  necessary  for  studying  the  low-frequency  spectra  of 
radio  galaxies  and  quasars,  conducted  together  with  other 
observatories.  Such  measurements  will  make  it  possible  to  explain  a 
question  about  a  slow  change  of  the  intensity  of  the 
radiation/eaission  of  quasars  in  the  range  of  decimeter  waves. 
Effective  can  prove  to  be  the  use/application  of  an  interferometer 
for  studying  of  the  extended  galactic  sources,  including  the  center 
of  our  galaxy,  that  also  is  pianned/glided  to  do. 

Are  of  dafinite  interest  the  well  coordinated  observations  of 
pulsars,  conducted  on  radioastronomy  station  of  the  physical 
institute  of  the  Academy  or  Sciences  on  the  ultrashort  waves  and  in 
Byurakan  on  tne  wave  73.5  cm. 
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Page  24. 

In  the  domain  of  definition  of  the  angular  diaensions  of  the 
sourcas  of  work  it  is  planned  to  carry  out  in  two  directions.  Will  be 
continued  the  deteraination  of  the  angular  diaensions  of  radio 
sourcas  by  the  experiment  of  the  aeasure  for  the  glimmer  of  their 
brightness  in  the  heterogeneities  of  circumsolar  plasma.  Furthermore, 
radiotelescope  together  wita  other  distant  and  conveniently 
arr an ged/locatad  radiotelescopes  of  other  observatories  can  be  used 
for  the  interferometry  of  radio  sources  by  the  method  of  the 
self-contained  recapticn/procedura  of  radio  signals. 

Tha  possibilities  of  radiointerf ecometer  are  not  contained  by 
the  enumerated  abova  problems,  it  is  possible  to  enumerate  number  of 
other  scientific  and  applied  problems  at  solution  of  which  it  is 
possible  successfully  tc  work  with  the  help  of  the  described 
radio telescop a. 

The  author  thanks  the  colleagues  of  the  department  of  the  radio 
astronomy  of  Byurakan  observatory,  who  took  part  in  the  creation  of 
radiotelescope.  He  expresses  gratitude  also  to  academician  7.  A. 
Ambartsumyan  and  corresponding  member  of  the  AS  USSR,  professor  A.  A. 
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Pistol'icors,  who  attentively  loosed  over  article  and  who  did  a 
serias/rov  of  useful  observations. 
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RESTORATION  OP  ANTENNA  RADIATION  PATTERNS  PROW  THE  PI  ELD  KNOWN  IN  THE 
LIMITED  SECTOR  OF  ANGLES  IN  THE  FRESNEL  ZONE. 

Yu .  A.  Kolosov,  A.  ?.  Kurocnkin. 

Tli a  accuracy  of  the  determination  of  the  antenna  radiation 
patterns  according  to  the  results  cf  measuring  the  field  at  the 
relatively  small  distance  froa  the  aperture  depends  substantially  on 
the  value  of  sector,  in  which  is  fixed/recorded  the  field.  In  the 
article  are  given  the  results  of  theoretical  and  experimental  study 
by  choice  of  sector  in  which  snould  be  carried  out  field  measurements 
of  antennas  in  the  Presnel  zone  for  purposes  of  further 
restoration/reduction  of  radiation  patterns.  Experimental  research 
was  conducted  by  means  of  the  optical  simulation  of  problem. 

Introduction. 

The  possibility  of  tae  definition  of  radiation  patterns  (DN) 
according  to  the  results  of  measuring  the  field  at  the  relatively 
small  distance  froa  antenna  aperture  has  important  practically  value 
conformably  both  to  the  large-size  antennas  when  the  direct 
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measurement  of  DM  is  very  difficult,  as  a  result  of  the  large 
distance  of  the  boundary  of  remote  zone,  and  to  the  anter.nas  of  the 
moderate  sizes/dimensicns  in  tha  case  whan  characteristic 
measurements  are  conducted  in  the  small  locations.  There  are  several 
methods  of  determining  DM  from  field  measurements  of  antenna  of 
nearer  than  the  boundary  or  remote  zone. 

In  work  [  1 ]  for  determining  DM  of  optical-type  antennas  it  is 
proposed  to  ta<e  out  irradiator  from  the  focus  of  mirror.  In  this 
case  the  defocusing,  which  appears  as  a  result  of  the  carrying  out  of 
irradiator,  compensates  the  defocusing  of  antenna,  caused  by  final 
distanca  of  the  zona  of  measurement.  Por  the  antennas  with  the  linear 
and  flat/plane  apertures  the  refocusing  for  the  purpose  of 
"approaching  remote  zone",  in  the  principle,  can  be  achieved/reached 
via  corresponding  to  strain  radiating  surface  [2]. 

Another  group  of  metnods  is  based  on  the  initial  measurement  of 
field  during  a  comparatively  small  distance  from  the  antenna  and  the 
subsequent  restoration/reduction  of  field  distribution  in  the  remote 
zone.  The  operation  of  restoration/raduction  can  be  implemented 
either  with  the  help  of  TsVfl  (digital  computer]  as  this  proposed  in 
works  [3],  [4],  with  the  use  of  a  method  of  optical  simulation  [5] 
which  is  realized  most  simply  if  tne  field  of  antenna  measured  in  the 
Presnel  zone  or  directly  in  the  aperture.  The  enumerated  methods  do 


1 
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not  require  the  interference  in  co  the  divergence  of  the  measured 
characteristics  from  the  true  parameters  of  antenna  in  the  remote 
zone. 

Page  26. 

In  two  latter/last  metnods  of  determining  DM  the  accuracy  of  the 
final  result  depends  on  tne  value  of  sector,  in  which  is 
fixed/racorded  the  field  near  tne  antenna.  It  is  obvious,  in  the  case 
when  radiation  field  is  known  on  certain  locked  surface,  which 
encompasses  antenna,  the  most  precise  possible  restoration/r eduction 
of  DM.  Virtually,  however,  field  measurement  is  conducted  only  on  the 
part  of  the  surface  where  it  nas  even  more  noticeable  value.  However, 
the  values  of  field  on  the  remaining  part  of  the  surface  remain 
unknowns  and  are  usually  assumed/set  by  equal  to  zaro,  in  consequence 
of  which  DM  is  located  approximately.  In  the  present  work  are  given 
the  considerations  about  the  selection  of  sector  in  which  should  be 
carried  out  field  measurements  cf  antenna  in  the  Fresnel  zone  for 
purposes  of  further  restcration/reduction  of  DM  in  the  assigned 
sector. 

For  simplicity  is  examined  the  line-source  antenna  with  uniform 


cophasal  field  distribution  in  tne  aperture.  The  obtained  results 
remain  valid  and  in  the  case  of  antennas  with  the  flat/plane 
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apart  ure. 

STRUCTURE  OP  THE  FIELD  OP  LINE-SOURCE  ANTENNA  IN  A  FRESNEL  ZONE. 

Field  E(r,  *)  of  lane  source  in  the  Fresnel  zone  with  an 
accuracy  to  permanent  factor  is  connected  with  the  field  in  aperture 
E(x)  with  the  following  relationsnip/rat io  (Fig.  1): 

—  I  x‘  \ 

2  i*  j  xsin<f cos1  <p  ) 

£(>,  cp)  =  \  E(x)  e  dx  .  (1) 

_"d_ 

In  the  case  of  the  uniform  cophasal  distribution  (E(x)  =  1) 
expression  (1)  after  integration  takes  the  form 

r  _  .  *r  # 

E'r-  318  ^ 

whera  C  (t)  and  s  (t)  -  Fresnel’s  integrals; 
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Page  27. 

Tha  means  of  distribution  (2)  depends  both  on  the  electrical 
length  of  antenna  and  cn  distance  of  r.  In  the  measurements  are  of 
interest  the  smallest  allowed  values  r,  for  which  also  correctly 
Presnal  approximation/approaca.  It  is  possible  to  show  that  this 
distance  by  approximately  tae  order  of  less  than  the  distance  of  the 
boundary  of  the  remote  zone  for  the  antennas  by  length  into  several 
ten  wavelengths  and  almost  to  two  orders  for  the  antennas  by  length 
into  several  hundred  waves.  Caaracteristic  amplitude  distributions  of 
the  field  of  large  and  small  antennas  are  depicted  in  Pig.  2a  (r-10d, 
d=500k)  and  2b  (r=3d,  d-=b.4X). 


la  the  problem  in  guestion  it  is  necessary  to  know,  to  what 
intecval  of  the  values  *  it  is  possible  to  be  bounded  when  D.v  will  be 
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determined  correctly  in  tae  required  sector,  which  encompasses 
principal  maximum  and  part  of  the  near  to  it  side  lobes. 

The  interval  of  the  values  of  angle  *  is  conveniently  decomposed 
into  three  parts,  which  correspond  to  the  illuminated  region  (zone  of 
direct  radiation),  the  region  of  penumbra  and  shadow.  The  most 
clearly  indicatad  regions  can  be  isolated  in  the  field  of  antenna 
with  the  large  electrical  length. 
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Pig.  2.  Kay:  (1).  Relative  power  level,  dB.  (2).  deg.  (3).  Relative 
level  of  field. 


Page  23. 


In  Fig.  2a  these  three  regions  of  distribution  are  noted  by  numerals 
I,  II,  III. 


He  trace  the  structure  of  field  in  the  shadow  zone,  for  which 
let  us  determine  the  angular  position  of  naxiauas  and  ainiauas  of  the 
lobes/lugs  of  field  distribution  (2).  Let  us  equate  with  to  zero 
derivatives  on  *  of  the  function,  which  describes  the  amplitude  of 
this  distribution  with  fixed/recorded  r.  The  analysis  of  the  obtained 
equation  shows  that  the  extreae  points  of  field  (2)  are  distributed 
on  *  unevenly.  However,  using  a  first  ap proxiaation  of  the  asymptotic 
representation  of  Presnel’s  integrals  [6] 
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which  correctly  at  sufficiently  nigh  values  of  t,  it  is  possible  to 
find  that  the  extreme  points  are  determined  by  equation 

cos^sin  — Jsinq:  ,=0.  whence 


n 


sm<p=  — 

T  o 


(5> 


where  n  -  whole  numbers. 

From  equality  (5)  it  follows  that  the  position  of  maximums  and 
ainimums  of  the  lobes/luqs  of  field  distribution  in  the  shadow  zone 
of  Presnel  zone  (it  is  more  precise,  in  that  part  of  space  r,  *, 
where  is  correct  appro ximation/approach  (4))  the  sane  as  in  the 
remote  zone.  Consequently,  the  trajectories  of  the  maximums  and 
ainiauns  from  the  Fresnel  zone  into  the  remote  zone  are  straight 
lines,  and  it  means,  between  the  adjacent  side  lobes  the 
redistribution  of  energy  is  aoseat. 

Let  us  r ate/est iraat e  the  region  of  the  applicability  of 
approximation/approach  (4).  He  will  consider  that  remaining 
conponents/tar ms/add ends  in  the  asymptotic  representation  of 
Fresnel's  integrals  can  be  disregarded/neglected,  if  the  maximum 
value  of  the  first  rejected  term  by  an  order  is  lower  than  the 
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minimum  value  of  the  sua  of  tna  remaining  terms.  Then  minimum 
permissible  value  is  equal  to  1.5,  whence  we  find  the 

relationship/ratio 

UH™  -^-005^  =  4  j  4'  l6) 

being  determining  with  this  r  the  interval  of  values  <(■>•, • for  which 
the  correctly  considered/exa mined  appro x iaation/approach .  Por  the 
antennas  with  a  large  electrical  length  of  and,  consequently, 

=  - - -  |  ±_  Let  us  note  taat  the  boundary  of  the  region  of 

shadow  is  determined  by  conuition  :T  =  1.  whence  tg<(T — ~coi<i-=  |  4 
Comparing  latter/last  expression  with  (6),  we  find  that 
approximation/approach  (4)  it  is  possible  to  use  virtually  in  the 
entire  shadow  zone. 

Page  29. 

Using  approximation/approach  (4)  for  Fresnel's  integrals,  it  is 
possible  to  also  simplify  field  expression  (2)  : 


Proa  formula  (7)  at  the  mgn  values  *  it  follows  that 


.*1  d 

$■>  r.  ~r*  si n 

E  ir.  <{)  =  d  -r~r -  .  <*• 

—  <in  ^ 
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i.e.  that  amplitude  field  distribution  (2)  in  the  values  <t>  indicated 
corresponds  to  field  distriouticn  of  emitter  in  the  remote  zone. 

Fig.  3  gives  the  graph  hy  the  envelope  of  distribution  (2)  and 
the  envelope  of  lobes/lugs,  calculated  on  the  basis  of  approximate 
formula  (7).  It  is  evident  that  in  the  shadow  zone  both  curves 
virtually  coincide.  This  fact  confirms  the  validity  of  the  accepted 
during  evaluation  'estimate  '•».«  criterion. 

Thus,  under  condition  (6)  field  in  the  Fresnel  zone  in  the 
shadow  zone  is  described  oy  the  function  of  form  (7)  and  is 
characterized  by  the  fact  mat  in  it  there  is  no  redistribution  of 
the  energy  between  the  adjacent  side  lobes.  But  then  this  part  of  the 
field  must  not  participate  in  shaping  of  DN  in  the  sector  of  angles 


Thus,  value  q  . .  determined  oy  expression  (6),  can  be  taken  as 

the  boundary  of  sector,  measurement  in  which  ensures  correct 
restoration/reduction  of  DU  in  the  same  sector. 

The  given  considerations  oy  cnoice  of  the  boundary  of  the  region 


in  which  it  is  necessary  to  measure  the  field  of  antenna  for  the 
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subsequent  restoration /reduction  of  DN,  were  checked  by  the  numerical 
calculations  of  DN  according  to  strict  formulas  and  the  method  of  the 
optical  simulation  of  problem. 
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Fig.  3.  Kay:  (1).  Relative  level  of  field.  (2).  deg. 


Page  30. 


CALCULATION  METHOD  AND  NUMERICAL  RESULTS. 


3y  the  model  of  antenna  serves  band  with  a  width  of  d,  gashed  in 
the  infinite  flat/plane  ideally  conducting  shield.  It  is  known  [for 
7]  that,  solving  the  system  of  equations  of  Maxwell  in  the 
cylindrical  coordinate  systaa  and  taking  into  account  boundary 
conditions  on  surface  cf  shield,  field  at  any  point  of  space  r>d/2  it 

is  possible  to  present  in  the  fora  of  the  series/row 

* 

£(r,  q?)  =  V  AnH'*  (kr)  cos  n  <p,  (9) 

n=i 

where  A„  the  coefficients,  waich  depend  on  the  function  of  field 
distribution  in  the  aperture;  H,2ykr)  the  Hankel  function  of  the 
second  order  of  ordar  n;  k=2»/x  -  parameter. 
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Applying  the  asymptotic  representation  of  the  Hanxel  function  at 
the  high  values  of  r  (at  tne  large  removal/distance  from  the 
antenna),  from  expression  (9)  we  will  obtain  DN: 


—  -I  I  -  j  “ 


E  (cp)  =  ]  e  4  cosn  cp. 

}  .1  kr  — 


In  this  problem  it  is  examined  r astoration/reduction  of  DM  for 
the  case  when  on  circumference  r=rQ  in  the  interval  of  angles  [*i, 

>2  3  field  distribution  coincides  with  the  true  value,  and  out  of  this 
interval  it  is  equal  to  zero.  Line  r=r0,  cun  be 

conditionally  taken  for  tne  new  radiating  aperture  and  its  field  to 


record  in  the  form 


Ei  <>.  9)  =2  BnH™  (6r)  cosn  cp. 


where  r  varies  from  r0  tc  moreover  coefficients  S„  are  such,  that 

,121 

l  0,  ec.™  (p<q>lT  cp*. 

Qn  the  basis  of  expressions  (11)  and  (12)  coefficients  5  it  is 
easy  to  express  through  coefficients  /In.' 


Bn  =  - Y  (kr,) 

.1  H\-'  f pr,t\  m 


where 


1  [<in  (n  —  cf  ^  tin  rn  —  m) 

•’  [  ~  -  ’V  n  —  PI  jq 
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Page  31. 

Thus,  for  that  obtaining  as  a  result  of  reduction  of  DN  we  have 
the  following  expression: 

£l(q;)=}  ^e_!  '"T1  V  i*Bncosnn,.  (15.1 

n  —  l 

where  coefficients  3„  are  determined  by  formulas  (13)  and  (14). 

For  calculating  the  field  Ei (♦)  it  is  necessary  to  xnow 
coefficients  An,  which  on  tae  basis  of  expression  (11),  can  be 
calculated  as  the  coefficients  of  Fourier  series  a  precise  DN.  It  is 
possible  to  also  find  them,  if  we  consider  as  the  given  one  field 
iistr ibution  in  antenna  aperture. 

3y  the  obtained  formulas  wera  calculated  reduced  DN,  and  also 
field  distributions  at  different  distances  from  the  aperture. 
Calculation  was  performed  with  different  value  of  the  sector  of 
angles  s2=-*l=cr. 

As  an  example  in  Fig.  4  art  represented  DN  of  antenna  with  a 


DOC 


30 1 34003 


PAGii 


'  *U" 

length  of  d=6.4\  foe  case  of  r0=Jd,  that  comprises  at  values  of 

<1=20°,  35°,  50°,  65°  and  40°,  and  xn  Fig.  2b  -  the  amplitude 
characteristic  of  field  on  circumference  r0-3d  with  the  center  in  the 
middle  of  aperture. 


/ 


Kay:  (1).  Relative  level  of  power,  dB. 


Page  32. 


The  special  f eature/paculiarity  of  the  field  of  antenna  with  the 
small  electrical  sizes/diaeasioas  is  the  fact  that  already  at 
comparatively  small  distaaces  from  the  aperture  fiald  distribution  as 
a  whole  reminds  ON.  In  this  fialu  already  it  is  possible  to  isolate  a 
major  lobe  and  corresponding  to  tao  size/di aension  of  antenna 
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quantity  of  side  lobes.  A  fundamental  difference  in  this  field 
distribution  (see  Pig.  2b)  rrom  DM  is  in  the  significant  magnitude  of 
field  in  the  ainimuas,  and  also  in  a  difference  in  the  side-lobe 
levels  froa  their  values  in  tne  remote  zone. 

Par  the  case  in  guestion  value  <pm«n,  determined  by  expression 
(6)  ,  coaposes  22°.  Calculations  snow  that  at  values  of  at>22°  in  the 
reduced  DM  correctly  are  reproduced  the  levels  and  the  position  of 
the  lobes/lugs,  which  fall  into  the  interval  [-a,  a],  in  which  the 
fiel.  is  assumed/sat  by  tne  eguai  to  the  true  field  of  antenna.  This 
result  confirms  done  above  the  conclusion  that  in  the  shadow  zone  the 
transformation  of  field  from  the  near  zone  into  the  remote  occurs  in 
such  a  way  that  the  angular  redistribution  of  energy  occurs  in 
essence  between  tha  directions  of  the  miniaums  and  the  adjacent  side 
lobe. 


Out  of  tha  interval  [-<*,  at]  DM  noticeably  is  distorted:  vary 
levels  and  are  displaced  the  directions  of  side  lobes,  appears  the 
noticeable  lavel  of  field  in  tne  ainimuas,  appear  further  side  lobes. 
The  reason  for  such  distortions  consists  in  the  fact  that  during  the 
restoration/reduction  is  excluded  from  the  examination  that  part  of 
the  field  of  antenna,  wfaicn  forms  DN  out  of  the  interval  [-«,  a]. 


Tha  practical  conciusion/o utput  which  follows  froa  the 
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aforesaid,  consists  in  the  fact  that  for  a  precise 
restoration/raduction  of  JH  of  antenna  with  the  small  alectrical 
sizes/diaensions  in  the  assigned  sector  it  is  necessary  to  measure 
the  field  in  the  Presnel  zone  in  tha  same  (or  somewhat  larger  in 
order  to  completely  talce  tne  latter  from  the  measured  side  lobes) 
sector  of  angles. 

OPTICAL  SIMULATION  OF  PROBLEM. 

For  calculating  restored/reduced  DN  and  field  in  the  Fresnel 
zone  in  tha  case  of  antenna  with  tne  large  electrical  length  it  would 
be  possible  to  use  formulas  of  the  previous  section.  However,  the 
number  of  terms  of  series/row,  wmch  aust  be  in  this  case  taJcen,  is 
extremely  large.  In  this  case  it  proved  to  be  convenient  to  use  for 
the  solution  of  problem  tne  method  of  optical  simulation. 

Was  assembled  the  diagram,  depicted  in  Pig.  5.  On  the  path  of 
the  luminous  flux  with  the  flat/plane  wave  front  was  placed  slot  1, 
which  played  the  role  of  the  radiating  aperture.  At  certain  distance 
from  it  was  placed  slot  2,  which  cuts  off  the  part  of  the  light 
field,  diffracted  on  the  first  slot. 
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Fig.  5. 


Page  33. 

As  a  result  of  the  transformation  of  field  at  certain  distance  froa 
the  second  slot  is  formed/shaped  DM.  Porn  of  this  DM  depends  on  the 
value  of  the  angle  2a,  at  wnich  is  visible  the  second  diaphragm  froa 
the  center  of  the  first,  rne  aeasureaent  of  field  distribution  was 
conducted  with  the  help  of  the  photoelectric  diagram. 

In  the  first  part  of  tae  experiments  was  tracad  the  structure  of 
the  field  of  uniform  cophasal  aperture  in  the  Fresnel  zona  with 
different  distances  frca  the  aperture.  The  second  slot  in  this  case 
was  absent.  The  process  of  formation  DN  can  be  clearly  tracad  in  Fig. 
6a,  b  in  which  are  represented  the  photographs  of  field  distribution 
in  tha  space,  beginning  froa  tae  near  zona.  As  the  emitter  is 
selected  the  aperture  with  the  electrical  size/diwension  of  d=500A 
(X  =  6323A°)  .  In  the  photograph  wita  the  smaller  delay  (Fig.  6)  is  well 
visible  the  process  of  tha  formation  of  major  lobe  of  DM,  while  in 
the  photograph  with  the  larger  delay  -  process  of  the  formation  of 
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side  loDes.  On  the  character  or  a  change  in  field  distribution  in 
proportion  to  removal/dastance  froa  the  aperture  it  is  possible  to 
judge  also  by  of  the  curves  of  fig.  7a,  b,  c,  d,  where  are 
represented  axperiaentally  taken/reaoved  field  distributions  of 
aperture  d=500i  at  distances  of  r,  equal  to  5d,  20d,  60d,  200d 
respectively. 
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Pig.  6. 


Page  34. 


Analyzing  the  form  of  tnase  carves,  it  is  possible  to  note  that 

-  the  envelope  of  tha  iooes/lugs  of  distribution  in  the  shadow 

zone  with  an  accuracy  to  permanent  factor  close  to  function - - - : 

/. 

-  in  proportion  to  ramo val/uistanca  from  the  aperture  appear  th 
naw,  adjacent  to  tha  principal  maximum  side  lobes; 


-  angular  dimensions  of  lobes/lugs  in  the  shadow  zone  are 
approximately  aqual  and  compose  value  on  the  order  of  0.114°,  while 
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in  the  ragion  of  penumbra  somevnat  aora.  This  tells  about  the  fact 
that  the  trajectories  of  lobes/lugs  in  the  region  of  penumbra  yet  are 
not  straight  lines; 

-  fora  of  field  curve  at  a  distance  of  r=200d  reminds  DM,  i.e., 
at  a  distance  on  the  order  of  this  value  field  distribution 
completely  is  divided  into  tns  principal  maximum  and  the  side  lobes. 


74  "V"  **V™»a.*  Om***mu**tM- gpotoxt  *wu(mcmu  fit 
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lobes/lugs  with  the  large  reference  numbers.  Then,  in  proportion  to 
ramoval/distance  from  tae  aperture,  an  increasing  quantity  of  near  to 
the  principal  maximum  side  looes  is  disengaged  "pedestal",  also,  upon 
reaching  of  distance  of  r=d2/4\,  for  which  on  the  aperture  is  placed 
one  Fresnel  zone,  actually  is  drawn  entire/all  DN .  These  results 
coincide  with  the  results  or  tae  numerical  calculations,  given  in 
work  [2]. 

Let  us  note  that  analogous  situation  for  the  antennas  with  small 
apertures  it  begins  consideraoly  earlier  (see  Fig.  2b),  i.e.,  field 
distribution  reminds  DN  already  in  the  near  part  of  the  Fresnel  zone, 
what  is  the  corollary  or  different  dependence  from  the  electrical 
sizes/dimensions  of  the  aperture  of  distances  to  lower  boundary  of 
Fresnel  zone,  and  to  the  region  where  the  distribution  is  similar  on 
DN. 

The  second  part  of  tne  experiments  consisted  in  the  measurement 
of  DN  in  the  presence  of  the  second  slot,  which  cuts  off  the  part  of 
the  field  in  the  Fresnel  zone.  Fig.  8a,  b,  c,  d  depicts  those 
measured  DN  depending  on  the  value  of  angle  a  for  aperture  d=500\ 
with  r=10d.  For  the  comparison  Fig.  8f  gives  a  precise  DN,  i.e., 
field  distribution  in  the  output  plane  in  the  absence  of  the  second 
slot.  However,  the  distribution  of  the  field  of  the  initial  radiating 
aperture  in  the  plane  of  tne  location  of  the  second  slot  is 
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represented  in  Fig.  2a.  Tae  analysis  of  distributions  shows  that,  if 
the  sector,  in  which  is  fixed/recorded  the  field  in  the  Fresnel  zone, 
exceeds  value  4m..,.  determined  by  expression  (6)  ,  then  DM  is  restored 
correctLy  in  the  same  sector,  fo  tais  case  corresponds  the  curve, 
deplete!  on  Reed.  3e,  since,  on  tae  basis  of  expression  (6),  for 
antenna  aperture  with  opening  d=50JX  at  a  distance  of  r=10d 
(fmin  =  3°43'  But  if  in  the  Measurements  is  not  considered  the  part  of 
the  field,  which  is  includad  in  the  region  of  direct  radiation  or 
penumbra,  then  during  tne  restoration/reduction  of  DM  are  observed 
considerable  changes  in  its  fora,  up  to  the  first  side  lobes.  Of  this 
it  is  possible  to  be  convinced,  analyzing  the  fora  of  the  curves, 
depicted  in  Fig.  8a,  b,  c,  d.  Inis  confirms  the  correctness  of  the 
obtained  above  e valuation/estiaate  of  the  boundary  of  the  region  of 
aaasuraaents  and  it  makes  it  possible  to  claim  that  condition  (6)  is 
not  only  sufficient,  but  also  necessary. 

th  us,  the  results  of  tae  optical  simulation  of  problem  show  that 
for  the  correct  determination  of  DM  of  large  antennas  according  to 
the  results  of  field  measurement  in  the  Fresnel  zone  it  is  necessary 
that  subsequently  its  restor aticn/reduction  compulsorily  would 
participate  the  field,  induced  in  the  sector  of  angles  iq ' 
where  •?•■..>  is  determined  by  expression  (6).  If  it  is  necessary  to 
determine  DM  by  the  sector,  which  exceeds  f-rm.  then  in  the  Fresnel 


zone  it  is  necessary  to  measure  the  field  by  the  sector,  equal  or 
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Thus,  the  analysis  of  the  structure  of  field  In  the  Fresnel 
zona,  and  also  calculation  and  optical  simulation  DN  maice  it  possible 
to  do  the  conclusion  that  for  the  correct  restoration/reduction  of 
fiald  distribution  to  remote  zone  in  the  limits  of  the  sector,  which 
encompasses  a  principal  maximum  and  the  defined  number  of  side  lobes, 
is  sufficient  at  the  final  distance  from  the  aperture  to  measure  the 
field  in  the  sector  whose  value  is  not  less  as  the  interval  of  angles 
in  which  it  is  necessary  to  determine  DM  (first  condition)  ,  so  also 
the  interval,  determined  by  expression  (6)  (second  condition) . 
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necessary  to  determine  ON.  In  occurs  antennas  with  the  large 
electrical  sizes/dimensions  it  predominates  the  second  condition  also 
for  determining  DH  necessary  to  measure  the  field  in  the  region  of 
direct  radiation,  penumbra  and  part  of  the  shadow  zone,  determined  by 
expression  (6)  . 

In  conclusion  we  use  tne  possibility  to  express  a  deep  gratitude 
to  A.  A.  Lemanskiy  and  N.  I.  Daitriyeva  for  the  consultations  and  the 
aid  in  conducting  of  calculations. 
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Synthesis  of  the  linear  of  the  antenna  in  the  class  relay  functions 
of  current  distribution. 


S.  I.  Kcupitsitiy,  T.  N .  Sergeyanko. 

In  the  work  is  examined  tae  solution  of  the  problem  of  the 
synthesis  of  line-source  antenna  in  the  class  of  the  relay  functions 
of  current  distribution  according  to  the  assigned  real  or  amplitude 
to  radiation  patterns  (QN)  . 

Is  used  the  numerical  minimization  of  the  functional  of  error. 


Are  givan  the  results  of  calculations  with  ths  use  of  STsya 
f  3UBM  -  digital  computer]. 

The  known  methods  of  approximate  solution  of  the  problem  of  the 
synthesis  of  lina-source  antenna  lead  to  the  continuous  at  the  length 
of  antanna  distribution  functions.  In  tha  present  work  is  proposed 
the  solution  of  the  problem  of  tae  synthesis  of  line-source  antenna 
in  tha  class  of  disruptive-permanent  distribution  functions. 
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Tha  synthesis  of  lina-source  anteana  in  this  class  is  of 
interest  for  two  reasons:  first,  it  logically  applies  to  the  case  of 
the  antenna,  which  consists  of  the  separate  elements/calls  with  tha 
continuous  current  distribution ;  in  tha  second  place,  in  a  number  of 
cases  it  it  laads  to  the  more  simply  realizable  current  distribution. 

From  entira  variety  or  tne  problems  of  the  synthesis  of 
line-source  antanna,  noted  in  work  [ 1  ],  in  this  article  is  examined 
the  problem  of  the  synthesis  of  lina-source  antenna  in  tha  class  of 
the  relay  functions  of  current  distribution  according  to  the  assigned 
real  or  assigned  amplitude  of  DN 

FOOTNOTE  i.  By  relay  functions  it  is  accepted  to  call 
disruptive-permanent  functions  of  fora  /(as~/»  *.)=»=/...  where  v  •- <  - 

arbitrary  continuous  function,  and  I0  -  certain  constant,  in 
particular,  I0  =  1.  The  class  of  relay  functions  we  will  further 
designate  through  Q.  E NDFOOTNOTE. 

This  problem  has  much  in  common  with  problem  synthesis  of  the 
phase-keyed  signals,  and  for  its  solution  can  be  used  the  known 
asymptotic  methods  and  the  minimization  of  the  functional  of  error, 
realized  with  the  help  cf  TsVM  f 2 J.  Let  us  note  that  the  method, 
proposed  in  [  2 ],  is  generalized  to  the  case  of  the  synthesis  of  the 
important  class  of  antennas  -  discrete-commutation. 
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Slf  NTH  ESI  S  OF  LINE-SOURCE  ANTENNA  IN  A  CLASS  OP  RELAY  FUNCTIONS  OP  THE 
ASSIGNED  REAL  DAY. 

Tha  axaminad  in  this  section  case  is  of  special  interest  for  the 
synthesis  of  the  line-source  antenna,  ar ranged/located  perpendicular 
to  the  well  conducting  flat  surface,  in  particular  if  necessary  for 
swinging  bean  of  DN. 

The  amplitude  of  current  distribution  along  the  antenna  is 
assigned  constant,  and  phase  varies  by  jump  on  180°,  i.  e.  ,  lfx)£Q. 

Page  39. 

With  the  synthesis  of  tnis  antenna  unknown  ara  only  the  points 
of  the  commutation  of  the  pnase  of  current  on  180°  (point  of 
switching  the  relay  function  I(x)).  Let  us  designate  them  through 
Thus,  it  is  necessary  to  determine  ':he  function  of  current 
distribution  l(x)  6  Q  of  the  condition  for  the  best  approximation  to 
given  one  F3 aj(9),  where  9  -  angle,  calculated  off  the  normal  to  the 
axis  of  antenna. 


Let  us  introduce  into  the  examination  the  standard-exponential 
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weighed  error  in  the  approximation/approach  of  DM  of  antenna  ?(d)  to 
F  iaa  ( 9.1 : 


where  p>,1 ;  p  ( 9)  -  positive  weignt  function. 


Weight  function  p  (9)  makes  it  possible  to  redistribute  the 
accuracy  of  appr oximation/approach  to  the  assigned  dm  in  different 
sections  of  gap/interval (0,  w/2)  in  accordance  with  the  practical 
considerations. 


2rror  e  is  datermnea  by  the  value  of  the  functional 

n/2 

J  (/]=)'  !F«(e)-F(e)^P(0)d(e).  (2) 

0 

Tha  best  approximation  F{9)  to  6)  in  the  space  metrics 

^-p{0.  -j-  ]  (P3 si)  will  be  equivalent  to  tha  determination  of  this 
function  l(x)£Q..  which  minimizes  functional  (2).  Let  us  note  that  in 
the  limit  in  p— of  minimization  J  [I]  it  corresponds  to  the  best 
approximation  in  the  space  metrics  C  [0,  r/2],  i.e.,  to  the  best 
uniform  approximation. 

Tha  relay  function  I(x),  waicn  has  N  of  the  points  of  switching 
at  the  length  of  antenna,  witn  an  accuracy  to  sign  is  determined  by  N 
by  parameters  xK. 
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Functional  (2)  always  can  na  reprasentad  in  the  fora 
J[/(x)l=($(xl,  Xt,  ■  ■  xv)=<D(JCv).  (3) 

where  <D (xS)  -  cartain  continuous  function  N  of  variable/alternating 
*k.  xv  *  n-dimensional  vector  wita  components 

Thus,  for  each  N  prooiea  is  reduced  to  the  determination  of  the 
mininum  of  the  function  of  many  variabla/alternating.  This  problem 
can  be  solved  by  BTsVN  with  tae  help  of  the  detailed  at  present 
multistage  methods  of  the  search  of  the  extrema  of  the  functions  of 
many  variable/altarnat ing  [2,  3 ].  In  this  case  it  is  necessary  to 
consider  that  these  methods  ease  it  possible  to  find  the  local 
minimum  of  functional  (3),  in  connection  with  which  finding  the  zero 
approximation,  close  to  tae  glooal  minimum  of  error,  it  is 
independent  and  important  problem. 

Page  40. 

It  must  be  noted  that  in  this  case  it  is  feasible  and  another 
method  of  the  minimization  of  functional  (2),  based  on  the  solution 
of  special  nonlinear  integral  equation  [2].  In  the  specific  example 
of  synthesis,  given  below,  is  used  only  first  method. 
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ON  of  the  antenna,  arr aaged/ located  vertically  above  the  ideally 
conducting  plana,  is  described  by  the  function 


F(0.  0,)  = 


h, 

I 

.v  sin  s] 

» 

cos  I - 

I 

L  '• 

J 

\ 

t 

.  f  2n 
sin  — 

xsinfij 

h. 

/  (x,  03)  dx  =  A\l  (a:)!. 


where  ht  and  h2  -  distances  of  the  lower  and  upper  ends/leads  of  the 
antenna  from  tha  conducting  surface; 


0O  -  angle  at  which  is  orianted  principal  maximum  DM  of  antenna 
in  the  case  of  oscillation. 


Tha  selection  of  cosiaa  or  sine  in  the  curly  braces  is 
determined  by  the  polarization  of  currents  (by  longitudinal  or 
transverse  respectively). 

As  is  shown  the  given  oeiow  example  of  synthesis,  the  use  of 
relay  functions  of  current  distribution  makes  it  possible  to 
effectively  control  the  sharp/acute  DM  of  similar  antennas  by 
changing  the  coordinates  of  the  points  of  switching  these  functions. 

As  an  example  was  examined  tne  case  of  the  synthesis  of  antenna 


with  CM 


of  the  following  form; 


m 
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'  2n 

sin  —ft  (sin  0  —  sin90) 

^iu  ®o)  =  — - ,  (5 1 

-j-ft(sin0  —  sin  0O) 

where  90  -  required  angle  of  deflection  of  principal  maximum  DN ; 

h  -  height  of  antenna  (h1  =  0;  h2  =  h)  . 

Was  examined  line-source  antenna  with  the  longitudinal  and  cross 
polarization  by  length  5x.  The  angxe  of  deflection  of  fundamental 
ray/beam  of  DM  0O  was  changed  from  10  to  70°. 

Problem  was  solved  for  the  case  of  the  root-maan-sguare 
critarion  of  approximation/approach  (p=2)  DM  of  line-source  antenna 
(4)  to  the  assigned  DM  of  fora  lb)  on  the  assumption  that  weight 
function  p  (0)  =1. 


Poc  the  determination  of  the  zero  approximation  of  the 
coordinates  of  the  points  of  the  commutation  of  the  distribution 
function  it  is  expedient  to  use  the  continuous  current  distribution, 
which  corresponds  to  the  accurately  realizable  DM  of  the  form 


F  (9,  B.i  = 


<tn  —  /min  0  —  <in  0.,j  sin  [—— isinfl  —  sinrt,t  i 


i-;rH  —  Mn  f>„  i 


J  _ 


—  h  i':n  0  —  'in  ft,. i 


(b> 


whera  plus  sign  corresponds  to  longitudinal,  and  minus  -  cross 


polarization . 
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a,/ 

cos  x  sin  0„] 

.  _  L  J 

S,’)  ~  ■  (7j 

.  r-’.i 

sin  —  .v  sin  0O 

L  A 

where  the  upper  expression  corresponds  to  longitudinal,  and  lower  - 
cross  polarization. 

As  the  zero  appro xiaation  for  the  points  of  the  commutation  of 
the  relay  function  of  current  distribution  were  undertaken  zero 
functions  (7)  . 

Those  obtained  as  a  result  of  calculation  on  rsVfl  DN  are 

depicted  on  Fig.  1  (dotted  line)  for  the  longitudinal  polarization 

Cd  Pol¬ 
and  2  'for  the  cross  polarization. 

A 
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Page  44. 

The  givan  DN  are  depicted  as  solid  line.  It  should  be  noted  that 
root-mean-square  error  of  approxiaation/approach  e  to  by  the 
assigned  DM  does  not  exceed  0.132.  For  the  large  angles  of  deflection 
(oore  than  40°)  coincidence  with  the  assigned  bN  sufficiently  good. 

Pig.  3  gives  the  character  of  a  change  in  the  current 
distribution  along  the  antenna  at  different  angles  of  oscillation  DM 
(a  -  longitudinal  polarization,  o  -  transverse) .  Bith  an  increase  in 
the  angle  90  grows  a  nuaber  of  comnutations  of  the  phase  of  current 
at  the  permanent  length  of  antenna. 

SYNTHESIS  OP  ANTENNA  IN  A  CLASS  OP  HELAY  FUNCTIONS  OP  THE  ASSIGNED 
MODOLUS/NODULE  COHPOSITE  Dtf. 


Lat  us  assume  that  it  is  assigned  on  the  aodulus/nodule  the 
composite  DN  F(u),  and  current  distribution  is  sought  in  the  class  Q. 
In  this  case  appears  the  need  of  solving  the  nonlinear  integral 
equation  of  the  following  fora: 


F(u)  |*  =  f  J/(x)/*(x')e 


-L 


i  mu(.x-x')  ,  .  .  2.1  /n, 

dxdx ;  u=sm0;  m= — ,  (8) 

A 


aaahiiaai 
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wh era  /*(*•)  -  the  complex  conjugate  current  distribution. 

For  further  synthesis  more  expediently  to  pass  in  to  another 
equation  which  is  obtained  by  the  Fourier  transform  of  left  and  of 
right  sides  (8) : 

J  |F(n)|*  e~(  mui'  du=  f  j  ^  I{x)l*{x')e'mu{‘-x'-y)dudxdx  = 

— cm  — L  —L  —*> 

=  —  i  l  (x)  /*  (x — y)dx.  (9) 

m  —L 

Introducing  the  designation 

R(y)  =  f  \F(u)^e~imuvdu,  (10) 

we  coma  to  the  aquation 

L 

R  (t/)  =  —  [  I  (x)l*(x—y)dx\  t/6(  — oo,  oc),  (11) 

tn  J 

— L 

where  I(x)20  with  |jc|>L. 

It  is  important  to  note  tnat  function  S(y)  is  completely 
determined  by  the  assigned  modulus/module  composite  DH.  Function  R(y) 
it  is  possible  to  call  the  autocorrelation  function  of  current 
distribution. 
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If  /(x;£  Q,  than  function  a  (y)  will  be  real,  and  then  ve  cone  to 
the  equation 

L 

R{y)~  —  f  I  (x)  I  (x—y)dx\  y€(—  oc,  oo),  (12) 

m  J 

—L 

where  all  entering  functions  real  and  l(xjs*0  when  |xj>l.  In  this 
case,  the  connection/ccaaunication  of  autocorrelation  function  with 
DM  will  be  determined  by  the  celationshi p/ratio 

x 

Riyi=2\  F tu)  2 cos (muy) du,  (IS) 

which  is  obtained  taking  into  account  the  parity  of  aodulus/aodule  DN 
P(u).  The  parity  of  function  \F(u)\  follows  from  that  fact  that  with 
la  [I  (x)  ]  =0  P(-u)  »F*  (u). 

Zguation  (12)  is  analogous  with  the  equation  of  the  synthesis  of 
the  phase-keyed  (PH)  signal  for  the  assigned  autocorrelation 
function.  In  connection  with  this  for  its  solution  also  can  be  used 
the  apparatus,  proposed  in  [2  J. 

For  the  purpose  of  simplification  in  the  use  of  an  apparatus  of 
synthesis  of  PH  signals  according  to  the  assigned  autocorrelation 
function  let  us  change  the  beginning  of  reading  of  coordinate  x  along 
the  antenna  so  that  the  expression  DN  would  take  the  fora 

F(t<)  =  j  e'm'  uhx')dx.  (14) 

0 
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Let  be  assigned  DN  in  segaent  [-1.1],  which  corresponds 

"X  *t 

to  the  region  of  real  angles  6( — Let  as  continue  it  into 
the  region  of  the  imaginary  angles,  as  usually  this  is  done  with  the 
synthesis  of  relatively  long  antennas  (with  2L/X5-10)  [4],  assuming 
that  |/W«;|-0  when  |u|>i. 

Then  foe  deteraining  the  assigned  autocorrelation  function  we 
will  have  a  relationship/ratio 

1 

(y)  =  2  \  \Fiil{u)?cos(muy)du.  (15) 

o 

The  probleo  of  synthesis  is  reduced  to  the  deteraination  of 
function  /(/)  e  £2,  which  ensures  approxiaation/approach  R3ij(y)  with 
real  nonlinear  operator  (12). 

Page  46. 

Poc  the  realization  of  approxiaation/approach  R(y)to  RMi(y  it  is 
expedient  to  normalize  these  functions  to  unity.  Since  aaxiaua  value 
of  functions  always  Corresponds  y=0,  and  to  I(x')=+-1,  than  one 
should  take 

2L 

R(u)  j  l{x ')I(x y)dx'  (16) 

and  *  o 

l 

“  T  [  '  FvA  <U^  '*  C°S  ('mU^  dU‘  * 17) 


where 
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f 


A={\FM(u)?du.  (18) 

o 

Functional  of  the  error,  the  subject  of  minimization,  by  the 
force  of  parity  R(y)  takes  the  fora 

J{1}=  \\RM(y)~R(y)\ppL»)dy.  (,9) 

b 

where  p(y)  -  non-negative  weight  function. 

Since  as  the  final  result  us  interests  the 
approximation/approach  to  function  |f3a3(uj|.  then  arises  the  question: 
does  ensure  the  minimization  of  functional  (19)  best  approximation  of 
DM  | F(u)\  to  assigned  DN  \FMz(u)\  in  the  appropriate  space. 

Most  simply  response/answec  to  this  question  succeeds  in 
obtaining  in  tha  case  cx  p=2  and  p(y)  =  1. 

Actually/really ,  lot  the  assigned  DM  be  calibrated  so  that 

2  fl/wMI’da-l. 

0 

then 

RHl  ( y )  -R  (y)  =  2  f  {  I  Fm(u)  i* — |  F  (u)  [»}  cos  (muy)  du.  (20) 

Osing  Parse val  equality  for  the  functions,  converted  according 

to  Fourier  theorem,  we  will  obtain 

f  (/?**  (y) - R  (y)?  dy  -  j  {|  (u)  |* - 1 F (u)  !*}* du.  (2 1 ) 

b  0 
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Taking  into  account  that  a  (y)=0  with  y>2L  and  (21),  we  have 


2  L  m 

JU]  =  f  lRM(y)-R{y)rdy  =^-j’{! F„(u) |*- \F («)j*>» du- 

0  0 

x  I 

-  f  *j„ my  =  -  f  (I (u) I* -if (u) i*}*  du  + 

,  m  ,} 

-L  o 

35  00 

J~~\  F (u)|4du  —  J  R-M(y)dy.  .  (22) 

I  2  L 


Second  term  in  expression  (22)  determines  the  reactance  of 
antenna,  since  it  corresponds  to  the  integration  for  the  region  of 
ieaginary  angles  9. 


Page  47. 


Latter/last  composed  with  the  assigned  D N  always  can  be  computed  its 
value  it  limits  the  ras  error  for  the  approximation/approach  of  DN  of 
antenna  to  the  given  one,  which  with  a  small  reactance  of  antenna 
cannot  be  less  than  this  value. 


Expression  (22)  shows  that  tne  minimization  of  functional  J  [1] 
does  not  guarantee  the  simultaneous  minimization  of  an  error  in  the 
approximation/approach  of  this  function  of  DN  of  antenna  \F(u)  |:  it  is 
minimized  the  sum  of  "error"  and  of  "reactance".  In  spite  of  the 
deficiency/lack  in  this  method  of  the  synthesis  of  line-source 
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antenna  indicated,  it  is  reaarxable  fact  that  it  does  not  require  the 
assignment  to  phase  DN  and  saxes  it  possible  to  use  only  with  the 
real  functions. 


According  to  the  obtained  currant  distribution  amplitude  of  OH 
it  can  be  calculated  according  to  the  formula 


!  F  (n)! . 


2  L 

f  /  (x')  cos  (mix')  dx' 


2£. 


("  l  lx')  sin  (mux‘)  dx' 


(23) 

i 


which  can  be  given  also  to  anotner  equivalent  fora. 


Let  us  designate  the  points  of  the  commutation  through 

xt(k~\.  2 . A— 1).  and  the  coordinates  of  the  ends/leads  of  the  antennaT 

through  x 1  o=0  and  *.v-2 L.  Then,  calculating  integral  composite  DN  (14) 
according  to  the  sections,  we  obtain 


f(u)=  a-  f|(— 1)*  f  e,mur' dx' Vc,e'“'*,  (24) 

—  hj  J  ~  i  mu  ij 

k=m0  ’  IhmO 

where  * 

C*  -2(-l)*+1,  C,- l.  C*  =  (-l)v~' 

(k  =*  1.2.  •  •  ■.  .V—  1). 


The  sign  before  the  sum  must  coincide  with  the  sign  of  function  I(x') 
in  the  first  section  [x*0,  x*4J.  From  (24)  it  follows  that  the 
amplitude  of  DN 


'F  (u)',  =  — — 
ivnu| 


a,  +  2V 

*3’i 


a*  cos  i  muxk 


J 


(25) 
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ye* 

where 

A'—* 

a,  =  V  C„C„_*:  *-0.  1.  2.  •  •  A;. 

n-=0 

Expression  for  |F(0)|  to  more  simply  obtain  directly  from  formula 
(24),  assuming  in  it  u=0.  Then 

I  F(0\  =  V  (—  IV  ( A-;_,  —  .V.)  « 26 ■ 

.  AaO 

Poraulas  (25)  and  (26)  are  completely  equivalent  (23). 
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It  should  be  noted  that  tais  method  of  synthesis  can  be  easily 
propagated  to  that  case  when  amplitude  current  distribution  according 
to  the  antenna  is  fixed/recorded ,  but  it  differs  from  uniform.  In 
this  case,  naturally,  function  i(x)  will  not  belong  to  the  class  of 
relay  ones.  However,  it  it  is  possible  to  represent  in  the  form 

I(x’)=q(x')Ip(x').  x'  6  [0,21].  (27 1 

where  q(x*)  -  assigned  amplitude  distribution  of  current; 

h(x')  —  unknown  relay  function,  determined  by  the  points  of  the 
commutation  of  the  phase  of  current  on  180°. 


The  methodology  of  the  solution  of  the  problem  of  synthesis 
remains  previous  with  tne  only  difference  that  the  instead  of  formula 


(16)  function  8(y)  must  be  assigned  by  the  expression 


2  L 

\  q(x‘)q(x'  —  y)lg(x')  lp(x’  —  y)  dx' 


The  use  of  relay  or  quasi-relay  (/  =  <?/p>  functions  of  current 
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distribution  is  of  fundamental  interest  from  the  point  of  view  of  the 
expansion  of  DM  of  long  antennas.  In  this  case  this  method  is  simple 
during  the  practical  realization  and  allows/assumes  the  use  of 
programmed  control.  Using  tnis  metnod  in  the  antennas  with  electrical 
beam  swinging,  it  is  possible  operationally  to  pass  from  the 
mode/conditions  of  the  "consecutive**  sur  vey/coverage  of  space  by  the 
narrow  scanning  beam  to  tna  mode/conditions  of  "parallel" 
survey/coverage  by  wide  motionless  ray/beam;  in  this  case  for  the 
creation  of  relay  current  aistrioution  it  is  possible  to  use  the  same 
control  units  of  the  phase  of  cue  oscillations/vibrations  which  serve 
for  the  oscillation  of  narrow  beam. 


In  conclusion  let  us  present  some  examples  of  the  synthesis  of 
line-source  antennas  by  metnod  examined  above  on  the  assumption  that 
weight  function  p(y)=1  and  p =2. 


Example  1.  As  the  assigned  DM  let  us  take  sector,  i.e.. 


Then 


-{ 0. 


U  <  U,, 
U  >u0. 


(294 


iy)  — 


.  ,'2.i  \ 

sin  I  —  u„i/j 

2?,  “ 

“  Unit 
/. 


0 <y<  2 L. 


(30) 
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Tha  zero  approximation  for  distributing  the  points  of 
commutation  r,  of  function  I(x),  which  corresponds  to  expression 
(30),  lat  us  determine  with  tne  nelp  of  the  formula 


where  y  ~  certain  coefficient,  analogous  to  contraction  coefficient 
of  PM  signal. 


In  work  [5]  the  fixed  points  of  the  commutation  of  phase  and  the 
autocorrelation  function  of  signal  of  the  formulas,  similar  (31)  and 
(30)  . 


Coefficient  y  in  the  example  in  question  is  determined  through 
the  length  of  antenna  2L  and  tne  width  of  DM  u0  as  follows: 

y  =  ^  .  (32) 

The  longer  tha  antenna,  the  greater  the  coefficient  y  and  the  better 
will  be  the  approximation/approach  B(y)  to  function  R3»j(y). 

For  an  example  were  examined  the  antennas  by  length  10X  and  50\ 
with  tha  width  of  sector  uo=0.5.  For  these  parameters  the  coefficient 
y  is  equal  to  10  and  50,  and  the  function  of  current  has  5  and  25 
points  of  commutation  at  the  lengtn  of  antenna  respectively  (Pig.  4). 
In  Fig.  4  dotted  line  snowed  current  distribution  in  the  zero 
approximation . 
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According  to  the  obtaineu  current  distribution  it  was  calculated 
the  DN  of  antenna,  represented  in  Fig.  5  by  solid  line  for  2L=50\  and 
the  dot-dash  for  2L=10\.  Tne  assigned  DN  is  depicted  as  dotted  line. 

The  calculations  conducted  show  that  the  obtained  current 
distribution  differs  significantly  from  the  zero  approximation,  which 
corresponds  to  asymptotic  foraula  (31)  only  for  the  antenna  of  small 
length.  It  is  obvious  that  in  this  case  the  described  above  method  is 
effective. 
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Fig.  4 . 


Page  50. 

For  the  large  ones  r#  wnich  corresponds  to  the  antennas  of  large 
length,  the  minimization  of  the  functional  of  the  error  for 
noticeable  improvements  does  not  give,  proves  to  be  sufficient  the 
use  of  the  asymptotic  solutions. 

Example  2. 

DN  is  assigned  in  the  fora  of  the  function 

«"  (y  2fi«) 

!  F, «(«) !  =  — - -  .  (33) 

where  21,  -  length  of  the  equivalent  cophasal  line-source  antenna. 


which  has  the  wide  DN  (this  value  can  be  much  less  than  the  length  of* 
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the  synthesized  antenna). 

Problem  lies  in  the  fact  tnat  the  saie  DN  to  obtain  with  the 
help  of  the  long  line-source  antenna  due  to  an  alternation  in  the 
significance  in  the  current  dxstrinution  I  (x)  . 


Corresponding  autocorrelation  function  of  the  current 


*«*(»/)= I  4L» 


77- -l:  °<y<*Lv 


2U<y<2L. 


Zero  approxiaation  for  dxstnouting  the  points  of  cooautation 


I  (x)  is  located  through  formula  (11),  where  the  coefficient 


(35) 


Page  51. 

As  an  example  were  taxen  antennas  of  length  10X  and  50A.  It  was 
necessary  with  the  help  of  these  antennas  to  obtain  DN,  which 
corresponds  to  half-wave  dipole,  i.a.,  2L|=X/2. 

Pig.  6  depicts  the  assigned  DH  for  the  half-wave  dipole  (dotted 
line)  ,  and  those  also  obtained  as  a  result  of  calculations  DN  of 
line-source  antennas  as  length  10X  (dot-dash  line)  and  50X  (solid 
line)  during  the  corresponding  current  distribution  I  (x) ,  shown  in 
Pig.  7  (zero  approxiaation  is  shown  by  dotted  line) . 
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Proa  Fig.  6  it  is  evident  tnat  the  character  of  a  change  of  DN 
in  the  line-source  antennas  vi tn  variable  distribution  corresponds  to 
on  of  half-vave  dipole.  Due  to  variable  current  distribution  t(x) 
occurs  considerable  expansion  of  DN.  For  the  antenna  by  length  10\ 
the  expansion  of  DN  occurs  20  nines,  and  at  the  length  50\  -  100 


tines 
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J  r/0)  All) 
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Pig.  7. 
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CONCLUSION. 


(fork  eraaines  the  pcoblea  of  the  synthesis  of  line-source 
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antennas  in  the  cla3s  ci  tne  relay  functions  of  current  distribution 
according  to  the  assigned  real  or  aaplitude  of  DN.  The  given  in  the 
work  examples  of  calcu latioas  confirm  the  possibility  of  obtaining 
the  given  DN  during  the  phase  control  of  current  distribution  along 
the  antenna.  In  this  case,  xn  cne  case  of  antennas  with  the  large 
extent,  sufficiantly  effective  prova  to  be  the  asymptotic  methods  of 
obtaining  the  corraspc naing  current  distribution.  The  minimization  of 
the  functional  of  error  proposed  ic  is  desirable  to  use  for  the  short 
antennas  where  it  makes  it  possinle  to  make  more  precise  the  found 
with  asymptotic  method  current  distribution. 

The  results  of  work  can  oe  useful  from  the  point  of  view  of  the 
construction  of  the  antennas,  arranged/located  above  the  well 
conducting  flat  surface,  and  also  the  axpansion  of  the  possibilities 
of  long  antennas  with  the  phase  control  cf  DN. 
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Synthesis  of  arc  and  spherical  antenna  arrays. 

L.  I.  Ponomarev,  1.  S.  fusprayxh. 

Are  given  the  algoritna  of  the  solution  of  the  problea  of  the 
synthesis  of  convex  antenna  arrays  by  the  assigned  vector  radiation 
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pattern  in  space  L 2  witn  the  use  or  an  apparatus  of  vector 
eigenfunctions  to  the  concrete/specific/actual  relationships/ratios 
of  synthesis  for  the  arc  and  spherical  gratings. 

Are  analyzed  the  results  or  tne  numerical  calculations  of  the 
synthesis  of  arc  antenna  array  from  the  longitudinal  slots, 
arranged/located  on  the  surface  of  the  ideally  conducting  cylinder, 
for  the  wide  interval  of  tne  values  of  an  electrical  radius  of 
cylinder,  step/pitch  between  tne  emitters  and  the  angular  dimension 
of  grating. 

In  the  work  is  examined  one  ox  the  possible  methods  of  the 
solution  of  the  problem  of  the  synthesis  of  antenna  arrays  by  the 
assigned  vector  radiation  pattern  with  the  use  of  an  apparatus 

of  its  own  vector  functions,  aoreover  best  approximation  to  f  133(6.  <p)  is 
sought  in  space  L2 . 

The  method  in  question  can  oe  used  for  the  synthesis  of  the 
antenna  arrays  of  arbitrary  fora  the  radiation  field  of  which  can  be 
presented  in  the  fora  of  the  set  of  its  own  waves.  There  is  special 
interest  in  the  use/application  of  this  method  for  the  synthesis  of 
convex  antenna  arrays  (arc,  circular,  spherical),  because  the  known 
methods  of  the  synthesis  of  linear  antenna  arrays  with  the  synthesis 
of  convex  gratings  do  not  always  prove  to  be  effective. 
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/3 


PORHQ LATIOM  OP  THE  PROBLEM. 

Let  us  designate  through  P  (&,  *)  the  radiation  pattern  of  the 
synthesized  antenna  array  in  tae  renote  zone.  Then  the  condition  for 
the  best  root-msan-s quare  approximation  P(0,  *)  to  the  assigned 
radiation  pattern  Fiaj( 6,  cp)  will  be  tna  achievement  of  the  minimum  of 
the  axpression 

j'!m  g)-fMa(0.  <f)Ns,  (1) 

Ss  * 

where  St  -  spharicai  surface  of  a  single  radius. 

Let  us  present  P(fl#  *)  aud  Fj«(9.  <;)  in  the  form  of  series/row 
along  the  system  of  its  own  or'choaormali zed  on  Sx  vector  functions  /m<0. 

F  (0.  qrt  =  V  Cjm  (0,  <f);  <f)=V  Ajm  (»■  <*'•  <2^ 


where  composite  coefficients  A^-A’-iA"  are  calculated  from  the 

m  m 

formula 

*  I  f rn)  ds*  |3| 

6', 

but  coefficients  C,„  are  determined  through  the  composite  amplitudes 
of  currents  in  radiators  of  array  and  can  be  recorded  in  the  form  * 
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where  —  composite  amplitude  of  currant  in  the  j  emittar;  M  - 

is  determined  by  a  number  of  radiators  in  the  array;  d^j-dmi  +> <*'mj  — 
some  coaf ficients,  whicn  depend  on  the  type  of  grating  and  on  the 
conditions  for  the  standardization  of  radiation  pattern. 

^  t  \  m  t  j n  MS  “  6  i. 

5, 

FOOTNOTE  ».  Tha  condition  of  orthonocmalization  takes  fora  /\  where  * 
fCronecker  *  s  -symbol,  and  expression  <%  "/’,/  designates  scalar 
product  and  'V  asterisk  indicates  the  sign  of  composite 
coupling.  ENDFOotnote. 

FOOTNOTE  2.  If  on  F(0,  *)  it  is  superimposed  no  limitations,  then  in 
expression  (4)  coefficients  4->r=o  and  N  are  equal  to  a  number  of 
emitters  K.  During  the  imposition  on  F(9,  +)  of  tha  condition  for  the 
standardization  of  fora  h*..  <co)—Z,  where  i0  -  certain  single  transverse 
unit  vector,  coefficients  </„<,=* o.  and  N  in  general  early  (K-2)  . 
EHDFOOTNOTE. 

Substituting  expansion  (2)  into  formula  (1),  we  will  obtain 

J|F(0,  <?)—•?„*  (0,  <p)| *ds  =  J  j  V  (Cm  —  ,4„)  f„ (0,  <p)  j* ds.  (5) 

In  expression  (5}  coefficients  Am  are  not  depended  between 
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themselves,  whereas  coefficients  Cm  are  connected  with  each  other  by 
means  of  relationship/ratio  (4)  ana  cannot  be  selected  arbitrarily. 
Therefore  the  solution  of  tne  problem  of  the  synthesis  of  the  antenna 
arrays  mathematically  is  reduced  to  the  deteraination  of  the  ainiaua 
of  expression  (5)  under  condition  (4)  . 

3efore  passing  to  the  solution  of  this  probiea,  1st  us  note 
that,  after  excluding  the  possibility  of  obtaining  superdirectional 
solutions,  expansion  (2)  for  F(0,  *)  into  St  to  any  dagree  of 
accuracy  it  is  possible  to  approximate  by  the  final  sua  of  the  fora 

?(0.  <p)  =  V  Cjm(8.  *).  (6) 

iam 

where  a  number  of  members  of  sua  &  depends  on  the  electrical 
size/diaension  of  antenna,  so  it  is  known  /I1}*  for  the 

2n 

cylindrical  antenna  arrays  of  radius  a  with  M=2/ca  (*  =  — —  wave 

number)  the  accuracy  of  this  approximation  at  each  point  proves  to  be 
not  worse  than  2o/o, 

Page  55. 

Let  us  compare  value  H,  connected  with  a  number  of  emitters  in 
the  grating,  with  value  n.  if  then  relationship/ratio  (4)  is  not 

limiting  when  selecting  of  coefficients  Cm.  i.e.  in  this  case  they 
can  be  selected  independently  of  each  other  and  the  minimum  of 
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expression  (5)  is  reached  at  the  condition 

C„=Am\  mUM.  (7) 

Condition  3$N  corresponds  to  the  case  of  a  large  quantity  of 
emitters  in  the  grating  when  the  distance  between  two  adjacent 
emitters  proves  to  be  less  x/2  and  according  to  its  results  this  cas 
is  close  to  the  case  of  continuous  current  distribution  in  the 
antenna. 

In  practice  in  the  antenna  arrays  usually  the  distance  between 
two  adjacent  emitters  is  more  or  equal  to  X/2,  which  corresponds  to 
condition  tl>N.  In  this  case  coefficients  Cm  no  longer  can  be 
selected  independently  and  it  is  necessary  to  solve  problem  of  the 
best  root-mean-square  approximation  F  (Q,  *)  to  Fjaa( 0, cp )  under 
condition  (4) . 

About  the  best  root-mean-square  approximation  F  (0, *)  7„_<0,  «p) 

Let  us  consider  a  question  the  best  root-aean-sguare 
approximation  F(0 ,*)  to  ?3aa(ei<P)  under  condition  (4).  For  this 
purpose,  after  substituting  (6)  in  (1),  let  us  nalce  simple 
conversions.  As  a  result  we  will  obtain 

M  M 

f  !  F(0.  (9.  <p)  [*ds  =»  j  |  F3,4(9.  <p)| -ds+  Viqm  « 

t-  V*  rr»  — n  m  =  n 
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As  it  follows  from  expression  (8),  for  the  minimization  of  integral 
(1)  it  suffices  to  oiniaize  the  sum 

A*  =  V  1-4-n — Cm|*.  (9) 

0 

Substituting  in  (9)  the  values  of  coefficients  Cm  from  condition 
(4)  ,  we  will  obtain 

-i<  '/t  I* 

A‘  =2  ^-”2  dniJ,-dm0\  .  (10) 

}  jam  |  | 

la  relationship/ratio  (10)  the  composite  amplitudes  of  currents  j. 
of  already  independent  variables,  and  therefore  the  necessary 
condition  of  achieving  the  minimum  of  value  A2  is  the  equality  to 
zero  of  partial  derivatives  of  A2  on  raal  and  imaginary  part  J; 
(j=1,2,...  ,N).  As  a  result  we  will  obtain  the  system  2H  of  linear 
equations  from  which  it  is  possiDle  to  determine  values  J]  and 

and  then  from  (4)  and  values  of  coefficients  Cm,  ensuring  the 
minimum  of  integral  (1). 

Page  56. 

Let  us  note  that  the  equality  of  zero  first-order  particular 
derivatives  determines  only  the  necessary  condition  of  extremum  A2, 
however,  since  the  second  particular  darivatives  of  A2,  in  this  case 
are  positive,  then  this  extremum  is  the  minimum. 
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Lowering  intermediate  linings/calcu lations,  let  us  give  the 
final  type  of  system  for  determination  and  ensuring  the  best 

root-aean-squace  approximation  £(&,+)  to  F-> aa(0,<p)  under  condition 
(4)  : 


-*i  '! 

3;,-  ! 


'iii 


ill- 


whera 


p  :  =  V  (  d'  d'  ,  —  d~  .  d"  ,1. 

'  1  \  *ni  ml  Tt  i  ml) 

msso 

=  l  (AA'm-^A’nu)’ 

m= sQ 

M 

Y ;  =,  V  (_  Am  d’„ t  +  dm0  dml  -  .4;  d‘ml  +  d;0  (Tml). 

M 

>.  'Amdml— dmOdml~A'nd'ml-Jrd’mQdmj). 


}. 


(12) 


m=0 


The  solution  of  system  (11)  is  the  solution  of  stated  problem  of 
the  synthesis  of  antenna  arrays  a y  the  assigned  radiation  pattern. 


It  should  be  noted  that  tne  method  of  the  construction  of  the 
solution  presented  is  tne  variety  of  the  known  receptions/procedures 
of  the  theory  of  the  syntnesis  of  antennas  with  the  use  of  a  system 
of  orthogonal  partial  radiation  patterns  [7.8]. 

THE  SYNTHESIS  OP  ARRAYS  WITH  TdE  NAXIMUH  DIRECTIVE  GAIN. 


Tha  problem  of  the  synthesis  of  antenna  arrays  with  the  maximum 
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directive  gain  (k.nd)  in  thd  direction  0O,  *0  during  the  assigned 
polarization  of  eaitted  in  this  direction  field  can  be  considered  as 
a  special  case  of  the  prcolea  or  tna  best  root-mean-square 
ap proxiaation  of  the  stanaar dized/normalized  radiation  pattern  F(9,«) 

, ?,0o. <To)  =70)  to  a  vector  delta-function  5(9-0o,  *-*0)io  [2^7].  Having 
this  in  mind,  let  us  present  tne  radiation  pattern  of  antenna  array 
from  K  emitters  in  the  fora  of  sum  (6),  where  the  coefficients 

K 

C.„  =  V  i !  3) 

and  ■  =  ~ :  —  some  complex  numoers,  which  depend  only  on  the  type 

of  antenna  array. 


Page  57. 


Introducing  the  condition  for  the  standardization  of  radiation 
pattern 


M 

.r(0„,  <Po)  =  Y.  C^m  (9°’  ^  =  ‘o-  (1 4) 

mswO 


from  relationshi ps/ratios  (13)  and  (14)  not  difficult  to  obtain 
expression  for  coefficients  or  form  (4) ,  where  N  is  in  general 

equal  K-2. 


Therefore  further  solution  of  the  problem  of  the  synthesis  of 
antenna  with  maximum  knd  can  oa  reduced  to  the  solution  of  system 
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(11.12),  where  as  coefficients  .-1..  should  be  taken  the  coefficients 
of  the  expansion  of  delta-function  <5  (  6-9a,  *-*„)  io  in  the  series/row 
in  terms  of  the  systea  of  tne  eigenfunctions: 

Am~{i0.  fm ,b''- 

The  value  of  the  aaxiaua  xnd  in  this  case  can  be  counted  on  the 

following  relationship/ratio: 

_ 

^max  •  ( 1  o) 

^■,-2-  2  •A”t 
m=*=0 

where  i*,in  —  ainiaua  value  (10),  obtained  with  the  substitution  in 
(10)  of  the  solution  of  systea  (11). 

INITIAL  R ELATION SHI PS/ RATIOS  OF  SYNTHESIS  FOR  THE  ARC  AND  SPHERICAL 
ARRAYS, 

Let  us  consider  the  obtained  above  general  solution  of  the 
probl9a  of  synthesis  in  appendix  to  the  concrete/specific/actual  arc 
and  spherical  gratings. 

Arc  grating  with  the  longitudinal  enitters.  Grating  is  the 
systea  of  the  longitudinal  naif-wave  slots,  gashed  on  the  ideally 
conducting  surface  of  the  infinitely  long  round  cylinder  of  an 
electrical  radius  kA  in  the  plane,  noraal  to  its  axis  (Fig.  la)., 

Eigenfunctions  /m(0. <*)  for  tnis  antenna  are  written/recorded  in 


'  * 

A 
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tha  fora  [ 3 ] 

/m(0.  <p)  = 

where 


cos(-J-cos0j  |cosm(f|_ 

— !  ■  1*..  (16) 


)  iwsinB 


sin2  0 


smmif  J 


j  2tf^pH  m  =  0, 

[  1  ‘fipvi  m  =*=  0; 

.v..f(Z±n!i)‘i_ 

J  \  sm2  0  /  i  H 


//;,!  ooii 


I  W!,,  ixaiinO) 


sin0  d  0. 


Key:  (1)  .  when.  H.l  —  aanical  function  of  the  1st  order,  and  prime 
designates  its  derivative  on  the  argument. 

Page  58. 


Coefficients 


_ m  y  cosm  if  ',  | 

h  .=  1  Aim  i - - 

r  em.i  wm  (K0)|sin/ng:  J 


1 17 1 


with  tha  synthasis  of  mis  grating  with  the  the  maximum  lend  in 


the  directions  90=*r/2,  #o=0  coefficients  d„ 
to: 

M 

V  h  1 

/  vm  i _ _ 


&mj  —  h/nT 


vm  / _ 

mm* 0  1 

V  bt 

m»0 


i 


mK  i 


|  A  rfim-l 


^mo - 


1 


I  >-r= 

m=*0  I  *' 


are  respectively  equal 


(18) 


J 
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but  value  M  is  equal  to  K-1. 

Arc  grating  with  the  transverse  emitters.  Grating  is  the  system 
of  the  azimuth  half-wave  slots,  gashed  on  the  surface  of  the  ideally 
conducting  infinite  cylinder  (Fig.  lb). 
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Spherical  array.  The  proolea  of  the  synthesis  of  the  spherical 
gratings  of  emitters  is  sore  complicated  in  comparison  with  the 
problem  of  the  synthesis  of  cylindrical  gratings,  since  unknowns  are 
not  only  amplitude  and  phase  of  the  excitation  of  emitters,  but  also 
their  polarization.  Its  solution  with  the  help  of  method  examined 
above  is  possible  only  in  two  cases:  if  is  assigned  the  orientation 
of  emitters  on  the  sphericai  surface  or  if  there  are  no  limitations 
for  the  polarization  of  emitters.  Let  us  give  the  initial 
relationships/ratios  of  synthesis  with  the  given  one  of  the 
orientations  of  elementary  slotted  emitters  on  the  ideally  conducting 
spherical  surface  of  the  electrical  radius  ka.  The  length  of  emitters 
let  us  designate  through  lm. 


In  this  case  the  system  of  its  own  waves  «  (9.  g) ')  takes  form 


Tin.  „=(_i)-+‘  1/ _£"_±i)i'— m|!  r  < e>  1°“  m *i 

T  2nemn(n  4-  1)  (n  -i-  m)\  L  <?0  (sin  mq pi 

X  5 --/“(CO.  9, 

sin  6  1  cos  m  <p  j  *  _ 

A—pn (cos 6)  j  - sin m ^  i  r  _  <icos  91  i  ° 

|_sin  0  "  I  eos  m  (p  j  »  H  Is 


■  P™  (cos  9) 


—  sinm<p}_  dP%  (cos  9)  |  cosmqp  |  - 


eos  m  <p 


i)0  \  sinmcp 


where  P”  (cos  9)  -  the  associated  functions  of  Lagendr9. 


FOOTNOTE  *.  Index  p  here  designates  the  double  index  an,  and 
superscripts  l  or  n  relate  to  the  electrical  or  magnetic  waves 
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Since  along  tha  length  of  elementary  slot  the  field  of  the  an 
its  own  wave  varies  insignificantly,  then  coefficients  h~  can  be 
found  froa  the  following  expressions: 


1  UK  —  1  »  1  ri  —  mr  1  L'l 

~  I  ~emrnn~^  Dm  —  /niT  lrinu) 

I  —  sinm<p;  i 


—  m  sina.P™  (cos  0;) 


cos  m  (f  j  j 


dP”(cosO)  j  :  n  j  cos  m  <f 7 


d0 

—  1 

mi—  } 


9=9 


sin  0,  cos  a,  (  . 


.  sinmqp,-  j  j 

(2 ft  —  1)  (ri  —  /n>;  /a, 


1)  <n  —  m)!  i  £*(«!> 


X 


sin  a 


<?/»?  fcos  6) 


<?6 


i  sin0, 


f  COS  /7I  <p I 


e=9-  •'  I  sin  mg>;- 


-f-  m cos a,P^ (cos 0/)  ■  s‘n ,n  9/  }"j 
l  cos  nuf  j  J  J 

where  =  J  —Hn-  -L  (*a),  a  ?„(*)=  -gj—  ; 

®.<r  —  the  coordinate  of  tne  j  slot  on  the  surface  of  sphere; 


«  —  angle  between  the  direction  of  the  j  slot  and  in  parallel 
on  the  spherical  surface. 


RESULTS  OF  NUMERICAL  CALCULATIONS 
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Using  the  obtained  aouve  solutions,  is  carried  out  the  nuaerical 
calculation  of  the  synthesis  of  grating  with  the  the  maximum  lend, 
that  consists  of  the  longitudinal  half-wave  slots,  arranged/located 
on  the  arc  on  the  surface  of  tne  ideally  conducting  cylinder  (Pig. 

1A)  . 


Calculations  ware  performed  on  Tsvn  BESfl-6  for  the  wide  range  of 
an  electrical  radius  of  cylinder  ka,  of  step/pitch  betwean  emitters  d 
and  the  angular  dimension  of  arc  grating  2a. 

During  calculations  according  to  the  obtained  above  algorithm  it 
is  necessary  to  bound  the  radiation  field  of  antenna  by  the  final  sum 
of  its  own  waves.  In  the  worked  out  previously  approximation  methods 
of  the  synthesis  of  cylindrical  antenna  arrays  usually  was  considered 
the  number  of  waves,  which  does  not  exceed  an  electrical  radius  of 
cylinder  ka.  In  the  present  work  a  maximum  number  of  the  waves 
considered  was  chosen  equal  of  ek  and  was  conducted  the  accuracy 
analysis  of  the  solution  depending  on  a  number  of  the  waves 
considered. 

9hile  conducting  cf  numerical  calculations  was  assumed  that 
value  V.„.  entering  in  (22),  does  not  depend  on  m  and  ka  and  it  is 


equal  to  1.4. 
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Pig.  2. 

Kay:  ( 1)  .  «/<A. 

Pag*  61. 

Pig.  2  gives  tha  raal  graph/dragraa  of  dependence  v  on  tae  relativ 
index  a/ka  for  ka*5  (points  notec  ?a 1  ues  ^  with  ka*20) .  As  it 
follows  fro*  tfte  graph,  the  done  proposition  is  correct  in  region 
a<ka.  However,  as  show  the  calculations,  carried  out  taking  into 
account  precis®  dependence  \m  on  i  for  cylindrical  antenna  of 
radiu3  ka=5,  tha  error  in  tae  deterainat ion  of  the  aaxiaua  knd  does 
not  exceed  lOo/o,  but  the  error  in  the  optiaua  an  pi it ude-phase 
distribution  proves  to  be  still  less. 

Pig.  3.4  shows  dependences  aaxiaui  efficiency  (D^aX)  of  the 
synthesized  grating  on  the  step/pitch  between  eaitters  d/x  (dotted 
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curvss  in  Fig.  3),  the  angular  dimension  of  grating  2a  (unbrolcen 
curves  in  Fig.  3)  and  a  radius  of  cylinder  (Pig.  4).  For  the  clarity 
value  Dmax  is  standardized  to  the  the  maximum  lend  of  equivalent 
flat/plane  cophasal  aperture  i Dw9=  2  lea).  As  follows  from  the 
graphs,  maximum  lend  of  the  circular  grating  whose  electrical  radius 
lca.^20,  with  the  stap/pitca  net  ween  emitters  d=0.5\  proves  to  be  by 
approximately  40o/o  more  than  the  maximum  lend  of  equivalent  cophasal 
aperture.  This  phenomenon  is  connected  with  the  convexity  of  circular 
grating. 
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Pig.  5 
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Fig.  6. 


Page  63. 

The  extant  of  circular  grating  along  the  axis,  which  coincides  with 
the  direction  of  the  f oraea/snaped  ray/beas,  leads  to  the  further  (in 
conparison  with  the  equivalent  aperture)  contraction  of  radiation 
pattern  both  in  the  plane  of  ring  and  in  the  plane,  passing  through 
the  axis  of  ring  and  with  beaa  direction. 
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It  should  be  noted  that  with  an  increase  in  kA  from  5  to  20 
values  of  gain  in  xnd  of  the  circular  grating  in  question  in 
comparison  with  the  the  maximum  xna  of  equivalent  cophasal  aperture 
weakly  it  depends  on  kA.  on  tne  case  of  the  analysis  of  obtained 
calculation  data  one  should  expect  that  with  further  how  conveniently 
great  increase  in  the  electrical  radius  of  ring  value  n  in  the 
grating  in  question  will  approach  value  3.  26K0,  where  -  number  of 
emitters,  arranged/located  on  tne  "illuminated"  part  of  the  ring,  so 
that  with  d/x  =0.  5  relation  will  approach  value  1.63. 

with  the  decrease  ox  tae  angular  dimension  of  arc  grating  from 
2a  =  1 3  0°  to  2a  =60 °  its  knd  is  reouced  approximately/exemplari ly 
proportional  to  its  equivalent  aperture.  An  increase  in  the  angular 
dimension  of  grating  from  160  to  3&0°  (excitation  of  "shadow"  region) 
only  insignificantly  increases  snd  (approximately/e  xemplarily  to 
6-IO0/0  with  ka=5  and  by  2- 3o/o  with  ka  =  20)  . 

With  an  increase  in  the  step/pitch  between  the  emitters  the 
value  of  the  maximum  knd  ox  axe  grating  is  reduced  approximately 
proportional  to  a  number  of  emitters. 


Pig.  5.6  depicts  the  most  cnaracter istic  optimum  amplitude-phase 


T  "tlH 
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current  distribution  in  the  enitters,  which  ensure  the  aaximua  icnd. 


and  the  corresponding  to  men  radiation  patterns  (Fig.  7)  . 
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With  the  step/pitch  between  emitters  d=0.5X  (Pig.  5.6)  aaplitude 
currant  distribution  has  tna  coliapsible/dropped  character,  and  phase 
distribution  in  the  "illuminated"  region  of  grating  close  to  the 
distribution,  which  escape/ansues  from  the  laws  of  geometric 
optic/optics  [5]  (dot-dasa  curve).  At  the  high  values  of  the 
step/pitch  between  the  emitters  (d=X,  Pig.  5,  and  d  =  2X,  Fig.  6) 
amplitude  currant  distribution  approaches  uniform. 

From  given  graphs  of  currant  distribution  it  follows  that  with 
the  stap/pitch  between  emitters  d^Q.SX  of  the  phenomena  of 
superdirectionality  it  does  not  appear.  However,  during  the 
use/application  of  the  algoritna  examined  for  the  synthesis  of 
gratings  with  the  step/pitch  oer.ween  emitters  d<0.5X  amplitude-phasa 
distribution  acquires  superdiractional  character.  Therefore  with  the 
synthesis  of  non-ult radirect ional  arrays  with  the  low  pitch  between 
emitters  (d/X<0.5)  it  is  necessary  to  additionally  introduce 
limitation  to  tha  superdiractionality  oc  to  pass  toward  the  synthesis 
cf  antennas  with  continuous  distribution  [6]. 
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la  the  optimum  (in  ta&  sense  of  the  maximum  QjnjJ*  radiation 
patterns  (Fig.  7)  with  the  step/pitch  between  the  emitters  more  0.5X. 
appear  the  diffraction  peaJts  wnose  level  depends  oa  the  step/pitch 
between  the  emitters  and  angular  dimension  of  arrays. 


Lk. 


\ 

f 


Fig.  3. 

Key:  (1)  .  kA. 


Fi  g .  9 . 


Key:  ( 1 ) .  d  v .  ( 2 ) .  k  A . 
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According  to  the  calculated  optional  radiation  patterns  was 
constructed  tha  series  of  tae  auxiliary  dependences  of  the  beam  width 
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2*a.7  and  sidelobe  level  q  in  toe  arc  grating  on  a  step/pitch  between 
the  emitters,  an  electrical  radius  of  cylinder  and  angular  dimension 
of  grating.  These  dependences  are  given  in  Fig.  8,  9  (by  dotted  line 
-  dependence  on  kA  at  2a=iP0°,  and  by  unbroken  curves  -  dependence  on 
d/X  and  2a  with  kA=20) . 

The  beam  width  of  arc  grating  with  maximum  lend  in  the  plane  of 
the  ring  (see  Fig.  3)  proves  to  be  less  than  the  beam  width  of 
equivalent  aperture  (dash-line  curves  in  Fig.  8) that  it  is  connected 
with  the  convexity  of  grating. 

High  sidelobe  level  wita  tne  distance  Q.833X  and  is  more 
connected  with  the  advent  of  a  diffraction  peak. 

All  given  above  results  were  designed  with  H=3  kA. 

Pig.  10  shows  the  dependences  of  the  maximum  knd- of  the 
synthesized  grating  on  a  relative  quantity  of  those  considered  with 
calculation  of  its  own  waves  d/XA  for  two  values  of  an  electrical 
radius  of  cylinder  (kA  =  5  -  unorexen  curves;  kA=20  -  dotted  curve). 

As  it  follows  from  these  dependences,  upon  consideration  first 
kA  of  its  own  waves  maximum  xnd  of  array  is  obtained  by  approximately 
lOo/o  less  than  upon  consideration  1.5  kA  of  waves.  Further  increase 
in  the  number  of  the  waves  considered  virtually  does  not  lead  to  an 
increase  in  knd. 
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Key:  ( 1)  .  m/KA. 

Conclusion /oil  tput. 

1.  Is  given  one  of  possible  algorithms  of  solution  of  problem  o 
synthesis  of  arc  and  spherical  antenna  arrays  with  use  of  apparatus 
of  its  own  vector  functions,  convenient  for  conducting  machine 
calcu lations. 

2.  Is  carried  out  numerical,  synthesis  of  arc  grating  with 
maximum  lend,  arranged/ located  on  surface  of  ideally  conducting 
cylinder,  for  wide  range  of  electrical  radius  of  cylinder,  angular 
dimension  of  grating  and  step/pitch  between  emitters. 
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As  a  result  it  is  shown  tnat: 

a)  for  kA^20  with  the  stap/pitch  between  the  emitters  0.5X 
maximum  lend  of  circular  array  40o  'o  by  approximately  exceeds  maximum 
lend  of  equivalent  flat/plana  cophasal  aperture;  with  an  increase  in 
the  step/pitch  between  the  amattars  maximum  lend  is  reduced 
approximately/exemplarily  proportional  to  the  decrease  of  a  number  of 
emitters; 

••  b)  optimum  amplitude  currant  distribution  depend  substantially 
on  tha  stap/pitch  between  the  emitters,  and  optimum  phase  current 
distribution  close  to  the  phase  distributions,  which  escape/ensue 
from  tha  laws  of  geometric  optxc/optics; 

c)  with  the  synthesis  of  arc  grating  with  maximum  lend  in  the 
numerical  calculations  should  be  considered  first  1.5  IcA  of  their  own 
waves,  upon  consideration  only  to  icA  of  its  own  waves  tha  error 
comprises  order  lOo/o. 
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Page  67. 

Formation  of  tha  antenna  radiation  pattarns  with  the  help  of  the 
passive  slotted  emitters. 

I.  V.  Guzeyev,  L.  L.  Zbarsxaya. 

Ara  traced  laws  governing  tna  formation  of  the 
radiation/emission  of  slot  antenna  with  the  passive  elements/cells , 
the  loaded  adjustable  react! ve/ jet  four- pole.  It  is  shown  the 
possibility  of  control  over  wida  .Limits  by  the  equatorial  antenna 
radiation  pattern,  is  produced  the  class  if ication  of  diagrams 
according  to  their  d istinguisaing  features  and  is 

established/installad  conformity  between  the  parameters  of  antenna 
and  the  type  of  radiation  pattern.  Is  in  detail  examined  the 
cylindrical  tri-element  slotted  grating  whose  passive  emitters  are 
loaded  with  tha  short-circuited  grooves  or  are  communicated  by 
flat/plane  waveguide. 

Introduction. 

Passive  emittars  since  olden  times  are  applied  into  the  antenna 
to  technology,  mainly,  in  tae  composition  of  multiunit  wire  gratings 
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[  1  ].  taking  it  possible  to  reguxate  the  directivity  of  grating,  the 
passive  radiating  aleaents/ceiis  do  not  require  the  complication  of 
its  feedar  system,  whica  differ  significantly  the*  froe  the  unifora 
active  eaittars. 

In  certain  cases,  ror  example,  for  slot  antennas, 
arranged/located  on  the  oojects,  limited  by  aetallic  surfaces,  the 
use/a  pplicatior.  of  wire  elements/cells  although  is  possible  [2],  on 
the  series/row  of  considerations  it  is  inconvenient.  Therefore  for 
the  class  of  antennas  indicated  it  is  of  interest  to  trace  the 
possibilities  of  passive  eaittars  also  of  the  slotted  type. 

As  far  as  is  known,  single  passive  eleaents/cells  of  the  type  of 
the  short-circuited  grooves  are  applied  into  the  antenna  to 
technology  in  essence  cnly  in  cutorf  condition  of  surface  current 
(with  the  electrical  depth  of  groove,  close  to  90°)  [3,  4  ]  *  . 

FOOTNOTE  l.  Wa  do  not  step  nere  on  the  flanged  structures,  which  are 
the  effective  means  of  the  foraation  of  radiation  of  antennas  [5], 
giving  preference  to  the  single  passive  eleaents/cells,  which  have 
■ore  than  chances  for  tne  practical  use/application .  ENDPOuTNOTE. 

The  purpose  of  this  voct  is  tne  study  of  the  effect  of  loaded  passive 
slot  antennas,  arranged/located  arranged/located  on  the  metallic 
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cylinder,  with  a  change  or  tne  value  of  load  within  sufficiently  wide 
limits. 

Page  68. 

L2AKY-PIP2  ANTENNA  WITH  Td&  PASSI  VE  E  (1ITTE P.5.  Concl USion/OUt  put  of 
fundaaental  principles. 

Fig.  1  schematically  depicts  two  possible  versions  of  antenna 
system  with  the  passive  slotted  emitters: 

a)  variable-phase  leany-pipe  antenna  1,  formed  by  the  grating  of 
half-wave  slots  2,  with  passive  slots  3,  loaded  with  the  parr  of 
short-circuitad  grooves  4,  adjacent  from  without  to  lateral  walls  of 
waveguide ; 

b)  the  antenna  of  ensuing/escaping/ f lo wing  out  waves  1  with 
passive  slots  2,  which  are  communicated  by  flat/plane  gap  3,  which 
partially  encompasses  waveguide. 

In  the  upper  part  ci  Fig.  1  is  given  location  of  the  versions  of 
antenna  systems  indicated  on  tae  cylinder. 


Fundamental  laws  governing  tne  formation  of  the  radiation 


awn 
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patterns  of  similar  sy steis  can  be  traced  on  the  system  of  three 
narrow  infinitely  long  parallel  slots  (gashed  in  the  cylinder  or  the 
plane),  one  of  which  (a  verage/mean)  is  active,  and  two  others  - 
passive  (Fig.  2)  . 

The  passive  emitters  of  system  are  assumed  to  be  those  loaded 
with  certain  cavity  (in  particular,  it  can  be  double-bond)  whose 
properties  do  not  depend  on  coordinate  z;  in  connection  with  this  the 
cavity  can  be  represented  four-pole,  infinitely  extended  and 
cylindrically  uniform  along  the  axis  z. 

For  the  purpose  of  furtner  simplifications  we  will  be  bounded  to 
the  examination  of  the  cases  wnen  cavity,  just  as  the  grating  of 
emitters,  is  mirror  symmetrical  relative  to  the  coordinate  plane  XOZ 
(see  Fig.  2)  . 
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It  will  be  shown  below  that  in  tnis  case  the  four-pole  formally  can 
be  replaced  by  the  pair  of  the  identical  noninteracting  two-terminal 
networks,  which  are  the  loads  of  passive  slots. 


Tha  active  radiators  of  real  antennas  (chain/network  of 
discreta/digital  slots,  extended  slot  of  finite  length)  are 
approximated  in  the  selected  oy  as  model  by  one  symmetrically 
acranged/Iocated  (relative  to  passive  elements/cells)  infinite 
continuous  slot  whose  widta  tha  same  as  in  real  emitters,  and 
magnetic  current  distribution  in  tae  aperture  equal-amplitude  and 
linear-phase  with  the  corresponding  angular  coefficient  in  z. 


Further,  it  is  almost  obvious  that  in  the  real  antenna  (see  Fig. 
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1)  passive  emitters  affect  in  essence  the  formation  of  radiation 
pattern  in  the  conic  section,  passing  through  the  principal  maximum 
l,  since  they  change  virtually  only  transverse  current  distribution. 

FOOTNOTE  l.  subsequently  let  us  agree  to  call  its  equatorial 
radiation  pattern.  ENDr00TN0T2. 

Therefore  in  this  work  we  were  limited  to  the  analysis  of  this  most 
essential  effect. 

The  described  above  taeoretical  model  is  most  adapted  for  the 
study  of  the  process  of  tae  formation  of  the  azimuth 
radiation/emission  of  tne  aignly  directional  line-source  antennas 
whose  primary  field  in  the  vicinity  of  active  elemaat/cell  has  a 
character  of  symmetrical  conical  wave.  Closest  to  this  model  the 
antenna  of  the  ensuing/ascaping/f lowing  out  waves  (see  Fig.  it);  as 
far  as  gratings  are  concerned  uiscrate/d igital  slotted  (see  Fig.  1ft)  , 
conformity  of  results,  obviously,  must  be  improved  in  proportion  to 
the  decrease  both  the  longitudinal  and,  in  particular,  the  transverse 
separation  of  active  slots. 

Fig.  3  depicts  the  equivalent  matrix  circuit  of  the  theoretical 
model  of  radiating  system.  Accepting  for  the  certainty  as  the 
terminal  surfaces  the  apertures  of  emitters  2  and  designating  through 
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vn...  f".  av=!.  2.  3i  its  own  and  mutual  conductivities  of  slots  (per  the 
unit  of  length),  and  through  (i,  *=1.3,  -  matrix  elements  of  the 
conductivity  of  four-pels  (also  par  the  unit  of  length),  it  is 
possible  to  record  the  following  aguations  of  relation  between  the 
voltages  and  the  linear  currents  in  the  terminal  sections  of 
radiating  system: 


/»=  V  ynmVm  (*  =  1.2.3); 

m**  1 

-li  =  YuV\-YlsV3' 
-It=VnV^Y„V3. 


FOOTNOTE  2.  According  to  tha  tneory  of  connected  antennas  [6],  the 
terminal  sections  of  the  feadars  of  system  should  be  carried  out  in 
the  places  of  the  absence  of  the  highest  transmission  modes.  However, 
in  the  case  of  electrically  narrow  slots  in  question  the  highest 
types  attenuate  so  rapidly  that  tha  done  by  us  selection  of  terminal 
surface  virtually  does  not  introduce  errors.  ENDPOOTNOTE. 


Fig.  3. 
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The  solution  of  aqu.  (1)  and  (2d,  bj  ,  taking  into  account  the 
properties  of  symmetry  and  reciprocity  of  radiating  system,  leads  to 
the  following  expression  for  tae  relative  voltages: 

=  =  - - - £a - .  (3) 

^  t  i/u  4-  y,j  +  Ku  -i-  K13 

The  equatorial  radiation  pattern  of  the  narrow  long  slot,  gashed 
according  to  the  generatrix  of  metallic  cylinder  and  is  excited  by 


Magnetic  currant  to  equal-amplit ude,  linear-phase  distributions  [7]: 


i«v,«  tffW)  L  ff£r(w)  2L  !’  ( 


l  1  L  2a 

whera  *,  *•  -  azimuth  coordinates  of  observation  point  and  aiddle  of 
slot  respectively  (see  Fig.  2)  ;  a  -  radius  of  cylinder;  s  -  width  of 
slot;  H £'■'  (z)  -  derivative  of  tae  HanJcel  function  of  the  argument; 

\  -  transverse  wave  number,  connected  with  wave  number  k0  in  the 

free  space  with  the  dependence 

v,  =  k,  sin  (4b) 

whera  bQ  -  angle  between  z-axis  and  principal  maximum  of  meridional 
radiation  pattern. 


According  to  tae  principle  of  superposition,  the  equatorial 
radiation  pattern  of  the  investigated  by  us  cylindrical  system  of 
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and  Euler's  constant,  H0C2)(...)  -  the  Hankel  function  of  the  2nd  order 
the  diiansionality  of  conductivities  -  mo/meter  1 . 

FOOTNOTE  l.  In  the  work  is  accepted  the  practical  rationalized  system 
of  unity  MKSA.  3NDF00TN0TE. 

Expression  for  yl3  follows  from  (7o)  with  the  substitution  into  its 
right  side  2d  instead  cx  d. 

As  far  as  internal  conductances  are  concerned  of  slots,  then 
they,  depending  on  the  parameters  of  the  cavity,  included  between  the 
passive  slots,  can  take  any  composite  values,  which  satisfy  only  the 
necessary  conditionss  of  the  paysical  realizability  of  passive 
devices/eguipment  [10]: 

Re/u^O,  |ReKu|<ReKu.  (8a) 

In  particular,  if  cavity  is  locxed  and  free  from  the  ohmic  losses, 
then  matrix/die  [Y]  -  is  pure  imaginary  and  the  entering  in  (3) 
parameter 

Y=Yll  +  Yu=iB  (8b 

varies  within  the  limits  *i-. 

The  sense  of  parameter  Y  it  is  easy  to  explain,  relying  on  the 
equations  of  Kirchhoff  (za,  b) .  Assuming/setting  in  them  due  the 
symmetry  of  system  =  we  ootain  (minus  sign  it  is  caused  by  the 
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external  with  respect  to  the  cavity  direction  of  standard) 

Y=  —  A,  (80 

V, 

i.e.  Y  is  operating  input  admittance  of  cavity  in  the  aoda/conditions 
of  the  equal-amplitude  and  copnasal  excitation  of  its  inputs. 

Page  72. 


Using  relationships/ratios  (J)  ,  (7a,  b)  and  (8b),  wa  obtain  the 

following  expression  for  the  relative  voltage: 


1  da 


H'n-'  ( \ad )  —  0,302  3-  exp  —  t  [  —  • 

_ l  v.>a  L  \ 


!  — :  —  in  —  H'021  (2\yh — 0,302  " — -  exp  j  —  i !  2v0d  —  —  j 
-1  7V» S  |  VgJ  l  .  4 


where 


<*>m  wu„  , 

T  =  — j-  S  — r-  Im  i 

vo  '6 


i«a 


<9b> 


-  paramater,  which  is  determining  (during  assigned  phase  field 
distribution  in  tha  slcts)  exclusively  by  the  properties  of  cavity. 


AN  ALY  SIS  OF  THE  SYSTEM  OF  THREE  INFINITE  SLOTS. 


Belationships/ratios  (5)  and  (9a,  b)  make  it  possible  to  explain 
the  most  important  laws  governing  the  formation  of  the 
radiation/emission  of  slot  antenna  in  the  presence  of  passive  slotted 


emitters 
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The  analysis  of  system  becomes  especially  demonstrative,  if  one 
considers  that  v  is  the  linear-fractional  function  v  and 
reprasantation/trans for  nation  straight/direct  lmr=0  on  the  plane 
complex  variable  v  is  circumference.  It  is  not  difficult  to  show  [11] 
that  by  relationship/ratio  (8a)  is  assigned  the  ona-parame te r  family 
of  circumferanc3S  (parameter  6  =  voJ>.  of  the  intersecting  in  the 
beginning  coordinates;  centers  and  radii  of  a  circle  are  determined 
by  equalities: 


)  d  a 


f0*  (6)  -  0.302  -g-rrr 
>  v«a 


-  M  6  -  —  ) 


l  2d.  a  i  n 

/o<26>- 0.302  cos[26 - 

>  v0  a  V  ■* 


(iOai 
4 10bt 


Pig.  4  dapicts  the  series  of  circumferences  v=v  (r,  5),  of 
corrasponding  to  change  r  witaia  the  limits  =*.  with  the  series/row 
fixed  values  o  =  on  one  of  circumferences  [5=r]  are  replaced  the 
valuas  of  variabla/alternating  G=r-ra  (sense  of  the  parameter  r0  is 
ravealed  below) ,  which  aaxa  it  possible  to  judge  rate  of  change  in 
the  voltage  in  proportion  to  ramoval/distance  from  the  resonance. 


Ona  should  emphasize  that  the  sizas/dimensions  and  the  location 
of  circumferences  are  determined  only  by  electrical  period  of 
system. 
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This  aeans  that  in  the  system  witn  the  fixed/recorded  period  with  a 
sufficiently  aide  change  in  tae  geometric  and  (or)  electrical 
parameters  the  cavities,  the  voltage,  without  depending  on  the  width 
of  slots,  pass  the  continuous  seyuence  of  the  coaplex  numbers,  which 
fill  the  circumference,  wnich  corresponds  to  data  'V  The  radiation 
patterns  of  the  systea  of  slots,  in  accordance  with  (5),  are  changed 
in  this  case  within  the  limits  cf  one  and  the  same  sequence  of  foras. 


However,  each  concrete/specif ic/act ual  value  v  on  the 
circumference  answers  the  specific  combination  of  the  parameters, 
which  switches  on  also  the  wiita  of  slots  [formula  (9a,  b)  ].  For  the 
numerical  calculations  it  is  expedient  to  convert  (9a)  to  the  fora 

1 1 f> i  —  0.302  ]-  1  -  exp  ■  —  ■  ■  —  . 

_  _ \  \\yd _ L 4  j 

~  •  i  J  i  2 1 

i  —  Jc  (2-Vi  —  o.  302  oo« '  —  —  —  2-  ; 

y  v„a  -l 

where  5=t-t0,  moreover 

r„  =■  —  f"  \fc(2d) —  In  j —  0,302  -  —  into 

-  value  of  the  parameter  r,  wmcn  corresponds  to  voltage  resonance  in 
the  presence  of  which 


= 


l/'  /oi 5)— 0,302 |~~cos( 5  —  — ] 
_2_ _ y  Vofl _  ♦ 


[  }  d/a  Tt 

•  ,V0(«)~ 0,302^  sin  («-  —  |  i 

L _  >  Vnfl  *  '  I 


12 da  /  n 

■  y0( 2<M  — 0,302  j—  cos  26  —  —  , 

I  '  4 


(lid 
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Page  74. 


As  we  sea,  M™,*  does  not  depend  on  the  width  of  slots. 

Pig.  5  depicts  the  dependences  of  amplitude  and  phase  of  the 
relative  voltage  of  passive  slot  (calibrated  to  unity)  in  the 
function  of  "relative  detuning"  €=t-t„  for  the  system  with  the 
electrical  period  5 =  r.  Calculation  was  carried  out  according  to 
formula  (11a).  He  see  that  the  amplitude  dependence  has  specific 
resonance  character  and  is  even,  and  phase,  with  the  accuracy  to 
permanent  com ponent/ter a/addend  [egual  to 


\ 
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•t  — ArgJ//^' (51—0.302  ~;?expl —i  A  —  —)  1  j,  -  by  odd  function  5. 

The  equatorial  radiation  patterns  of  the  system  of  slots  are 
symmetrical  relative  tc  mam  me  j.dian  cut  (*=0)  ,  what  is  the 
corollary  of  the  symmetry  of  system.  Depending  on  fora,  radiation 
pattern  they  can  be  divided  into  three  fundamental  types: 

1)  narrow  single-lobe; 

2)  wide  single- lobe  and  saadle; 

3)  the  intermediate  fora,  which  have  several  extrema,  including 
one  local  maximum  with  0=0. 

In  connection  with  a  comparatively  low  azimuth  directivity  of 
slot  on  the  regular  cylinder  a  question  about  affiliation  of  diagram 
to  one  of  the  types  qualitatively  can  be  solved  on  the  basis  of  the 
analysis  of  the  simple  according  to  the  structure  equatorial 
radiation  pattern  of  foil  lattice,  into  which  passes  the  designed 
cylindrical  system  when  Uia-M». 
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Relying  on  relationship/ratio  (5)  and  tailing  into  account  that 
!im)/(<p)|  =  i  dcas  not  represent  tae  work  to  obtain  the  equality: 

v#  a-*  « 

lim  f(«p)=  1  J-2v cos (v„dsin q>),  (12) 

v,a— « 

research  of  which  shows  taat  to  the  enumerated  typas  of  radiation 
patterns  approximately  corresponds  the  separation  of  plane  complex 
variable  v  into  three  regions,  ueaarcated  by  two  circumferences  of 
equation  of  which 

•  ll3) 

The  numbering  of  regions  m  fig.  6  corresponds  to  the  indicated 


higher  three  types  of  radiation  patterns 
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Fig.  6. 


Antenna  with  th?  passive  slots,  loaded  with  grooves  or  communicated 
gaDs. 


Let  us  pause  in  somewaat  more  detail  at  the  mentioned  above  two 
special  cases,  which  are  of  practical  interest: 

-  passive  slots  are  loaded  with  the  identical  short-circuited 
grooves; 

-  passive  slots  are  communicated  by  gap  in  the  form  of  the 
flat/plane  curved  waveguide. 


Assuming  groovas  or  gap  filled  with  uniform  insulator,  it 
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suffices  to  be  bounded  to  resaarca  of  the  first  case,  since  as  a 
result  of  the  symmetry  of  radiating  system,  in  the  middla  of  gap  is 
established/installed  the  mode/conditions  of  idling.  The  second  case 
(disregarding  by  heterogeneities  in  the  inflection  points  of  gap) 
formally  is  reduced  to  the  first  with  a  change  in  the  electrical 
depth  of  grooves  on  w/2. 

Page  76. 

For  determining  linear  input  admittance  of  groove  we  will  use 
known  expression  for  the  conductivity  of  the  short-circuited  segment 
of  line,  after  replacing  in  it,  accordingly  [9],  propagation  constant 
'  and  characteristic  admittance  1:  by  the  values: 

Vi  =  kn  1  f  a  sin  dt;  i  !4u 

»)t  =  V  7T  5U1 

where  u  -  relative  paraeaoility  of  insulator;  s  -  width  of  groove; 
6t  -  angle  between  the  edge  of  groove  and  the  wave  standard  of  the 
propagated  in  it  wave  TE3. 

The  connection/coaaunication  oetween  the  angles  d0  and  d,  is 
established/installad  frcm  continuity  condition  of  the  tangential 
components  of  fields  in  the  apertures  of  passive  slots  and  takes  the 
form  (Snell  law) 

cos  ft,,  =  1  e'h'cosi^.  (I5 
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In  accordance  with  (9oj  ,  (14a,  b)  and  (15)  we  obtain 


r  =  — 


|  1  —  ie'u'  —  1 )  t  —  ) 

v„  '  cl 


ctg  V 
\..s 


where 


t-v»/  jy/"  1-fte'u.  — 

-  electrical  depth  of  tne  groove  (i 


i-tr 


I !  6a 1 

1 166) 

.ts  geometric  depth) 


Is  given  below  the  sanes/row  of  the  characteristics  of 
cylindrical  tnrae-slot  grating  wita  the  load  of  its  passive 
9leaeats/cells  by  the  snort-circuited  grooves  with  the  air  filling. 


Fig.  7  depicts  the  standar dized/nor malized  equatorial  radiation 
patterns  of  grating.  Calculation  was  carried  out  according  to 
formulas  (5),  (9a)  and  (16a,  o)  at  the  values  of  the  parameters: 

t:=u'=l.  vv^  =  .i.  •  •>•  =  '\42".  via  =  29.4  The  electrical  depth  of  grooves 
varied  within  the  limits  with  the  step  /pitch  v/8  l. 


FOOTNOTE  l.  The  necessary  for  tne  calculations  function  f  (*)  was 
tabulated  by  A.  V.  Ivanov  via  the  addition  (on  the  computers)  of 
serias/row  (4a)  to  m  =  38.  SNDFQGTNOTE. 


we  see  that  the  radiation  patterns  are  changed  within  relatively  wide 
limits,  moreover  in  accordance  witn  the  introduced  above 
classification  of  forms,  in  essence  are  encountered  two  types  of 
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equatorial  radiation  patterns  -  single-lobe  narrow  1  and  wide  2.  The 
radiation  patterns  of  intermediate  forms  are  encountered  considerably 
less  often.  This  is  partly  explained  by  the  effect  of  the  aziauth 
directivity  of  slot  on  the  cylinder,  thanlcs  to  which  the  equatorial 
radiation  patterns  of  the  intermediate  forms  3  approach  type  1. 

Page  77. 


In  Fig.  6  dottad  line  depicted  circumference  v  =  v(r,  r)  ,  on  which 
are  replaced  values  v,  corresponding  to  electrical  depths  'i'.  at  which 
were  designed  radiation  pattern.  Tne  comparison  of  Fig.  6  and  7  makes 
it  possible  to  trace  the  process  or  the  characteristic  strain  of 
radiation  patterns  in  proportion  to  the  transition/ junction  of  value 
of  v  from  one  region  tc  another. 

It  is  interesting  tc  note  that  the  width  of  radiation  pattern 
when  (at  the  level  -  3  d-6)  is  minimum  (-50°)  and  close  to 

2arc  sir  — =56°.  which  indicates  that  its  forming  currents  are 

2  1 2d  -si 

concentrated  in  essence  on  the  opening  by  width  (2d+s).  This  is 
logical,  since  noted  value  $  close  to  the  resonance  (Fig.  8)  and  the 
currents  prove  to  be  " foruidden"  virtually  in  the  section  of  the 
surface,  limited  by  passive  slots. 


A  precise  value  cf  resonance  electrical  depth  can  be  obtained 
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equalizing  the  right  sides  of  equaxities  (11b)  and  (16a), 

Vm  =Vo i-mx-  '*=°-  !.  •  (l7a> 

H‘»  =arc  ctg  [  —  In  |  —  — .V0(2v0d)  - 

-  0.302  sin  2v,d—  —  1  i '  U7& 

s  ~  v  4  -  j : 

-  ainiaua  value  of  resonance  electrical  deoth. 


whence 
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Page  78. 


Pig.  8  gives  dependence  'i'j  on  the  electrical  width  of  groove 
v»> i vod  =  .i ) .  It  is  interesting  to  note  an  extremely  slow  change  in  the 
resonance  depth  of  groove  in  comparison  with  its  width:  with  change 
vo5  froa  0.1  to  0.  0001  ,  i.e.,  to  three  orders,  was  changed  on 
Togo*,  i.e.,  in  all  to  -8. 3o/o. 

Should  be  focused  attention  on  the  criticality  of  voltage  in  the 
region  of  resonance  to  the  depth  of  groove  (to  gap  length)  .  Relying 
on  (16a,  b) ,  it  is  possible  to  show  that  the  detuning  in  the 
electrical  depth,  which  corresponds  to  change  Ivl  wit  hin  liaits 

0.70  |  -J  | 


in  general 


m 
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sin*  ib„At 


(18) 


where  Ar  -  width  of  "resonance  curve"  of  |v|  =  |v(r,  6)  |  at  the  level  3 
d3  of  lower  than  the  maximum. 


froa  (18)  it  follows  tnat,  in  proportion  to  the  contraction  of 
slots,  v  runs  in  the  circumference  (see  Fig.  6)  near- resonance  region 
(essential  for  control  of  the  con  of  radiation  pattern)  with  ever  * 
more  tapered  interval  of  depths  (or  gap  lengths  hi)  whose  value  order 
s.  In  this  case  change  v  in  function  if  in  the  near-resonance  region 
and  outside  it  occurs  according  to  the  qualitatively  different  laws; 
relying  on  (9a,  b)  and  (loa,  b)  ,  it  is  possible  to  show  that  when 
It—' to  I  <Af  and  when  It— to|>At  me  order  of  derivative  do!dy  proves  to 
be  equal  to  respectively  (v&s)~!  and  (voS). 


Of  the  aforesaid  above,  in  particular,  it  follows  that  the 
use/application  of  excessively  narrow  passive  slots  can  prove  to  be 
in  practice  undesirable  due  to  tae  close  tolerances  for  the  geometry 
of  grooves  or  gap,  and  also  for  the  parameters  of  their  filling 


substance 


Conclusion/out pat. 


1.  Accepted  in  work  simplified  model  of  leaky-pipe  antenna  with 
passive  slotted  emitters  in  tae  form  of  system  of  three  electrically 
narrow,  infinitely  long  slots,  gashed  in  metallic  cylinder,  and 
corresponding  to  it  comparatively  simple  mathematical  apparatus  make 
it  possible  to  explain  fundamental  laws  governing  formation  of 
equatorial  radiation  patterns  of  antenna  indicated.  The  behavior  of 
the  most  important  system  characteristics  yields  to  simple 
grapho-analy tical  interpretation,  which  simplifies  the  analysis  of 
system. 


-A 
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2.  Equatorial  radiation  pattern  of  system  of  slots  is 
determined,  mainly,  by  period  of  grating  and  by  load  of  passive 
slots.  A  change  in  these  parameters  makes  it  possible  in  the 
relatively  vide  limits  tc  control  the  fora  of  radiation  pattern. 
Depending  on  form,  radiation  pattarn  they  can  be  divided  into  three 
fundamental  types,  each  of  which  answers  the  specific  range  of  change 
in  the  composite  voltages  of  passive  slots. 

3.  Independent  of  width  of  passive  slots  with  change  their  loads 
within  sufficiently  wide  limits  of  value  of  voltage  pass 
constant/invariable  sequence  of  values,  and  radiation  patterns  - 
constant/invariabla  sequence  of  forms,  determined  only  by  electrical 
period  of  grating.  In  this  case  the  width  of  slots  affects  only  the 
criticality  of  the ’ corresponding  dependences. 

4.  Antenna  with  passive  emitters  can  be  easily  realized  on  base 
of  leaky-pipe  antennas  witn  passive  slots,  adjacent  to  external  walls 
of  waveguide  and  by  loaded  short-circuited  grooves,  or  by 
communicated  flat/plane  gap,  wnicn  partially  encompasses  waveguide. 

In  conclusion  the  autnors  express  appreciation  to  I.  S. 
Pavlyushinoy  for  the  aid  waile  conducting  of  numerical  calculations. 
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aesearch  of  the  consecutive  diaphragm-forming  diagrams  for 
multiple- wires  antenna. 

S.  A.  Zhutikov,  S.  M .  Mikneev. 

Are  examined  the  consecutive  diagram-forming  diagram  and  its 
modification,  which  makes  it  possible  to  reduce  the  number  of 
elements/cells  and  to  cbtain  maximum  efficiency.  On  the  base  of  the 
analysis  of  diagram  is  given  tae  algorithm  of  the  synthesis  of 
amplit uda-phase  distributions  (APB)  in  each  channel  according  to  the 
assigned  values  A ?a  on  the  emitters,  taking  into  account  the 
redistribution  of  fields,  caused  by  the  presence  of  certain  number  of 
channels  between  the  data  by  channel  and  by  emitters.  Are  obtained 
the  maximum  energy  a va luations/estimates  of  the  work  of  series 
circuit,  which  depend  cn  degree  of  interaction  of  assigned  A FB.  Is 
given  an  example  of  the  calculation  of  the  modified  diagram. 


Introduction . 
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The  consecutive  diagram-forming  schematic  of  a ultiple-pronged 
multichannel  antenna  is  depicted  in  Fig.  1 j  [  1],  It  consists  of  the 
main-line  feeder  lines  of  transmission  1,  connected  with  directional 
couplers  2  with  transverse  feeder  lines  3f  loaded  to  tae  grating  of 
emitters  4.  The  latter  can  have  any  preassigned  geometry.  Creation  on 
the  emitters  of  the  grating  of  the  series/row  of  requirad  APR  is 
achieved  by  the  selection  of  the  coupling  coefficients  of  the 
directional  couplers  with  trun*  lines  and  by  phase  wave  velocity  in 
the  main-line  and  transverse  lines. 
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?ig.  1. 

Page  81. 

It  is  possible  to  assume  that  APB  are  varied  due  to  those 
concentrated  phase  converters  5,  connected  as  shown  in  Pig.  ij.  For 
the  creation  in  the  lines  of  node  of  the  traveling  waves  their 
ends/leads  can  be  loaded  for  aosorning  loads  6. 

To  the  advantages  of  this  diagram  should  be  related  that  the 
fact  that  it  is  implemented  from  the  uniform  elements/cells, 
allows/assumes  the  use/a pplicatron  of  contemporary  technology  of 
production  and,  which  is  especially  important,  it  makes  it  possible 
without  the  modification  to  realize  along  each  channel  APR  of 
arbitrary  form.  However,  for  the  practical  realization  of  similar 
diagrams  and  eva luation/estimate  of  their  maximum  electrical 
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parameters  the  results,  obtained  in  [  1],  are  insufficient.  Is 
conducted  below  detailed  cssearcn  of  such  diagrams,  which  contains 
the  analysis  on  the  basis  of  wnich  are  determined  the  maximum  energy 
possibilities  of  diagram  and  is  synthesized  APR  in  each  channel  on 
assigned  APR  on  the  emitters.  solution  of  the  problem  of  synthesis 
gives  the  possibility  to  reduce  the  calculation  of  the  parameters  of 
each  channel  to  the  known  calculation  of  the  feeder  system  of 
single-channel  traveling-wave  antenna. 

Is  examined  the  modification  of  series  circuit,  which  makes  it 
possible  to  reduce  the  numoer  of  eiements/cells  and  the  extent  of 
feeder  lines  and  to  obtain  aaximua  efficiency.  Is  given  an  example  of 
the  calculation  of  this  diagram. 

Examination  is  carried  out  for  the  grating  of  the  matched 
emitters  with  compensated  interaction  on  the  inputs  for  any 
excitation.  Couplers  are  assumed  to  be  those  ideally  directed,  but 
feeder  lines  -  not  having  heat  losses. 

Analysis  of  diagram. 

Let  o  -  number  of  emitters  in  grating,  n  -  number  of  channels  of 
diagram.  The  order  of  numbering  is  shown  in  Pig.  1<»  . 
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Under  the  "i  channel'*  of  diagram  we  will  understand  both  the  i 
input  of  antenna  and  part  of  tne  diagram,  included  between  the  i-th 
and  (i*1)-th  the  sections  (fig.  la).  Sie  will  speak  about  "its  own" 
APR  and  "its  own"  efficiency  of  the  i  channel,  keeping  in  mind  with 
respect  to  APR  and  efficiency  in  by  them  section  during  the 
excitation  of  the  i  input. 

For  the  analysis  of  diagram  let  us  isolate  the  i  channel  (Fig. 
1b).  Here  1,  2,  ...»  a,  a>1  -  "output"  terminals;  i,  1',  2',  ...»  a* 
-  "input"  terminals.  On  terminals  1,  2,  ...,  a  can  exist  both  their 
own  APR  of  i  channel  and  APR  frca  the  channels  with  the  higher 
reference  number  j>i.  He  will  oe  given  these  AFR  in  the  form  of  the 
columns  of  the  composite  amplitude:  calibrated  to  the 

single  power  of  excitation. 

Index  i  -  the  number  of  the  section  in  question;  j  -  number  of 
excited  channel. 

Page  32. 

Let  us  record  the  scattering  matrix  of  the  chosen  multipole  in 


the  block  form; 
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i  1  .  .  m  ] '  .  -  .  m'  m  —  1 

i  ~  o  <a:i  <0  .  f( 

i  i  ;  •  '  : 

I  ati  >  !0|  .  t(  o>  i 

/n  ;  :  i  i 

5,=  r  |  .  ,  | 

0>  f.  ;  [01  I  Pi>  I 

m-j-  I  i_  /,  <0  ,  <p,  0  _j 

(  i=  1#  2  ,  •  »  •  ,  m)  • 

Here  <a,..  c„>  -  respectively  row  and  column  of  dimensionless 

composite  transmission  factors  from  the  i  terminal  to  terminals  1,  2, 
a,  which  coincide  with  staadardized/nor malized  its  own  APR  of 
channel; 

!.-  transmission  factor  from  the  i  terminal  to  terminal  m+1; 

<P\,P>>-  row  and  column  of  transmission  factors  from  terminals 
1*  ,  m*  to  terminal  ■+ 1 ; 

T,  -  square  aatrix/dia  of  transmission  factors  from  terminals  1, 
2,  m  to  terminals  1',  2',  ...»  m1; 


[0],  <0,0> 


null  matrix,  row  and  column; 
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-  -  sign  of  the  transportation. 


The  zero  units  of  latcix/die  S,  consider  the  coordination  of 
feeder  lines  and  the  ideal  directivity  of  couplers. 


Dua  to  the  directivity  of  couplars  matrix/die  To  as  it  is  not 

difficult  to  trace  on  tne  diagram,  it  has  the  triangular  structure: 

0  0  ...  0 

u.  o  ...  0 

T‘=  L  o  •  * 


1 '  12-  * m3 ' 


where  r .  .=*=o(k^l),  r- -  =  0(k>l)  -  matrix  elements,  k ,  1  =  1,  2,  ...,  a  (number 
of  channel  i  in  the  matrix  elements  for  the  shortening  is  omitted) . 


,'latrix/dia  T  is  not  degenerated,  sinc9  not  some  of  its  diagonal 
elsaents/cells  it  is  equal  to  zero. 


During  the  excitation  of  certain  j  channel  on  terminals  1*,  2’, 
...»  «•  i  channel  fall  wave  with  an  amplitude  of  a,_(  >.  in  this  case 
on  terminals  1,  2,  ...»  a  will  appear  set/dialing 

a'  >  =  r iai_rU  >.  (3) 

On  the  emitters  during  tne  excitation  of  the  j  channel  AFR  it 


will  take  the  form 


h  Tk  C2,,> 
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and  it  can  be  substantially  distortad  and  weakened  on  efficiency  in 
comparison  with  its  own  APR  a„>. 


As  can  be  seen  from  (4)  ,  for  the  finding  APR  on  radiators  during 
the  excitation  of  the  j  cnaanei  an  assigned  its  own  AFR  a„>  it  is 
necessary  to  know  all  matrices/ai as  ^  (^=i.  2,  ....  j —  ))  >  The  elements/cells 
of  each  of  these  mat ri ces/dies  on  the  modulus/module  are  determined 
by  their  own  AFR  in  the  <  cnannel,  and  on  the  phase  -  even  and  by  the 
mathod  of  tha  inclusion  of  phase  inverters  in  the  channel.  For  the 
diagram  in  Fig.  1b  matrix  elements  will  be 


/  *  — Z  la“i 

t  —  1/  ■=!  j  [arta>-(*-l)ip] 


1 


I  -  V 


0(, 


01 


(diagonal  elements/cells); 


llk'  r 


3k  Oj 


n 


1  /  -  1 


A 


l 


'  I  _  V  !  Q  .  12 

_ _ ial  _ 

fi—1 

I  _  V  (a.  I2 

i—i 


1  [arg 


(6) 


(off-diagonal  eleaants/ceils) ,  1,  k=  1 ,  2,  ...  a. 


Here  u* -k-th  column  element  Un> :  g  -  phase  change  in  the 
section  of  trunk  line  between  the  adjacent  directional  couplers.  The 
number  of  channel  i  for  the  saortaning  is  everywhere  omitted. 
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Minus  sign  before  the  latter/last  expression  considers  the 
rotation  of  phase  on  -  »/2  in  in  i-th  and  k-th  directional  couplers. 

Formulas  (4) -(6)  are  convenient  for  the  machine  calculation  APE 
on  the  emitters  according  to  incwn  their  own  APR. 

Let  us  note  that  during  the  finding  AFR  on  the  emitters  on 
assigned  its  own  APR  the  selection  of  the  latter  remains,  in  fact, 
arbitrary.  Therefore  more  rational  approach  during  the  design  of  such 
diagrams  consists  of  the  synthesis  of  their  own  APR  on  assigned  AFR 
on  the  emitters.  This  leads  to  the  single- valued  selection  of  all  2an 
circuit  parameters. 

SYNTH3SIS  OP  ITS  OWN  AMPLITUDE-PHASE  DISTRIBUTIONS. 


We  will  synthesize  its  own  APR  a  >  in  the  arbitrary  j  channel  on 

0" 

assigned  APR  u,i>.  n12> .  htae  emitters.  Prom  (3)  and  (4)  it  follows: 


l-w  >~  T~'  aii  >; 


(7) 


a  a  >  = 


l- 1 

nr- 

*=1 


/>• 
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Equality  (3)  is  the  unxnown  solution  of  the  problem  of 
synthesis.  In  practice  the  process  of  synthesis  consists  of  the 
consecutive  usa/application  of  equalities  form  (7)  to  all  channels 
from  the  upper  to  the  lover  ones  (i.a.  on  index  i  from  1  to  n-1). 
Thus#  on  given  ons  au>  directly  are  designed  the  parameters  of  the 
1st  channel  and  on  (5),  (o)  -  aatr.ix/lie  T,  ,  then  A  F  B  al2>,  al3>  and 

so  forth  are  counted  over  accordant,  to  formula  (7)  in  APB  a22>,  a23> 
and  so  forth  into  the  plane  of  terminals  1',  ...»  a*  the  1st  channel 
and  on  a22>  is  designed  tne  2nd  channel  and  matrix/die  T2  and  so 
forth. 

As  can  ba  seen  frcm  (7)  and  (d)  ,  calculation  is  connected  each 
time  with  necessity  of  matrix  inversion  T-,.  However,  under  some 
conditions  calculation  substantially  is  simplified.  Let  us  consider 
the  important  case  of  the  ortaogonality  of  its  own  and  any  APB  in  the 
arbitrary  i  section  of  the  diagram; 

>  =  0  (91 

i>i  . 

(*  -  sign  of  composite  coupling),. 

hat  us  introduce  the  relationships/ratios,  which  escape/ensus 


from  the  unitary  marices  S,. 
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<ai.<<>+  !  f i  i!  —  1  ■ 

(10) 

<a,,T; +/,.</>:=<  0. 

(in 

a„-  >  < a.i:  -i -T J" i  —  Em. 

(12) 

da  >  /;  +  7\h*  >  =  0  >. 

(13) 

(14) 

<PiP|  >-r  lf«'*  =  1. 

(15) 

where  £-.  -  the  unit  matrices  of  order  mxa. 


Multiplying  (12)  to  the  rigat  on  a.. to  the  left  on  T,  and  using 
(7)  and  (9),  it  is  not  difficult  to  obtain 

.  (I6) 

Thus ,  corresponding  AF 8  in  (i*1)-th  section  it  is  calculated 
without  the  matrix  inversion  7V- 


let  us  show  that  if  all  AFa  in  the  i  section  is  mutually 
orthogonal,  then  AFR  in  (i+1)-th  the  section  they  will  be  also 
orthogonal. 


Actually/really,  according  to  the  condition 

<allaril>=  0,  (17) 

l  jt  l  ^  it  j  ^  -i  • 

Talcing  into  account  (1o)#  scalar  product  of  vectors  in  (i+1)-th 
the  section  will  be  recorded  in  the  fora 


^  ^  — <a(/777\c17>. 
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Lat  us  multiply  (1*)  to  the  left  on  <al:,  to  the  right  on  a>.*>.'we 
will  obtain 

<aua-Li  >  <  Oifla  >  -  <ai:Tfr.  a’.  >  =  <  aua';  > 

ha  nca ,  using  (17), 

<a^uaUu>=°- 

Thus,  if  on  the  emitters  all  assigned  APB  they  are 
mutually-orthogonal,  then  ralationship/ratio  (16)  is  retained  at  all 
steps /stages  of  calculation,  whaca  makes  it  possible  to  use  it  with 
the  synthesis  instead  of  (7).  This  can  be  recorded  in  the  following 
fora: 

a,,  >=  n  Tlau>.  <161 

*— i 

Thus,  the  problem  of  the  synthesis  of  its  own  APR  of  each 
channel  is  reduced,  in  general,  to  turning  of  triangular 
matrices/dies  with  the  known  coefficients,  and  in  the  particular  case 
of  orthogonality  AFR  -  to  the  simple  operation  of  the  multiplication 
of  triangular  aatrix/die  by  tne  vector. 

EPPICIENCI  OP  CHANNELS. 

Let  us  rate/est iaate  the  maximum  energy  circuit  parameters.  Let 
us  introduce  the  designation:  n>  -  efficiency  in  the  arbitrary  i 


i! 

-i 
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section  during  the  excitation  or  the  j  channel  by  the  single  power 

rj  l7=<al(a;,>.  (!9) 

In  particular,  r\t,  -  its  own  efficiency  the  i  channel;  - 
efficiency  of  the  i  channel  according  to  the  emitted  power. 


We  trace  the  dependence  efficiency  in  (i*1)-th  section  on 
efficiency  in  the  i  section  during  the  excitation  of  j  channel  (j>i). 
For  this  purpose  let  us  multiply  (14)  to  the  left  on  to  the 

right  on  a* we  will  ootain 

<aiia'ii  >  =  <  fli  - , /  a'-i  i  >  ~  <  ai- 1 /Pi  >  <  P*  a’~ i  ;> '  '201 

From  (11)  it  follows  that 

<ai+ljPi>  =  7^<a(/fl’i>- 

•  i 

The  substitution  of  these  expressions  in  (20)  taking  into  account 
(10)  gives 


(21) 


Page  86. 


Let  us  introduce  the  designation 

_  I  <  >5  (22) 

Tak~~  V  Tlijni*  . 

-  the  standardized/aor aaiired  coefficient,  which  characterizes 


interaction  APR  atl>  and  a,*, > .  index  i  indicates  the  number  of  section 
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indices  1  and  k  -  number  or  tne  channels: 

k  ^  i,  [  zj£z  fc' 

Coefficient  can  vary  within  the  range  of  0  to  1. 

Prom  (21)  it  follows 


With  the  consecutive  syntnesis  of  diagram,  described  in  the 
previous  section,  values  n«»  n.j  and  r<«j  are  initial,  and  (23)  gives 
the  value  of  efficiency  in  (i*1)-th  section. 


Transmission  factor  according  to  the  power  from  section  i«-l  to 
section  i  of  arbitrary  APB  a.+G 


t  -  <a<iall'>  _  T)  (j  __  I  — 

qtl  -  —  ;  —  -  - - —  . 

■  ^  ai+  i/af*H/-^  i—  nti  +  Wi,y 


(24) 


In  particular,  if  APS  are  ortaogonal; 

rtij  ~  0, 

then  from  (24),  (25)  it  follows:  h'+tj^T),,  <7,;  =  |,  po.wer  is  transmitted  by 
the  vertical  feeders  from  (i+1)-th  section  to  the  i-th  (Fig.  1A) 
without  the  losses. 


Above  it  was  shown  that  if  assigned  APS  on  the  emitters  are 
mutually  orthogonal,  then  ail  APS  were  orthogonal  in  any  section 
diagrams. 


DOC  =  30134006  FAGS 

Thus,  in  this  case  efficiency  of  any  channel  according  to  the 
emitted  power  it  proves  to  be  to  its  equal  own  efficiency,  caused  by 
the  losses  in  the  load  of  tnis  channel,  which  can  be  done  how 
convenient  small. 

In  the  case  of  noncrthogonality  of  APR 

ruj  =#=  0, 

*ti<  1 

and  according  to  (23)  efficiency  n  oust  grow  with  the  increase  of 
index  i. 

In  particular,  with  r,ij=l  APR  &u>  and  am;  they  coincide: 

Qa  =  l—’J.v 

also,  when  n , 1  <7,y-*q),  transmission  of  APR  di+n>  from  section  i  +  i  to 
section  i  is  absent,  entire/all  energy  is  absorbed  in  the  load  of  the 
i  channel. 

On  the  strength  of  the  fact  that  value  efficiency  must  be  less 
than  unity,  increase  t|„.  with  increase  i  is  limited,  that  imposes  the 
limitation  to  a  number  of  channels  during  their  assigned  interaction 
or  for  interaction  with  tne  assigned  number  of  channels. 

Page  87. 


<Je  will  obtain  these  limitations  for  a  special  case  of  diagram 
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with  tha  uniformly  effective  cnanaels  during  identical  interaction 
between  themselves  of  all  APB: 


ni/=ni-  /=i.2.  ■ 

,  n\ 

(25) 

■rl.'(r  =/v 

l^k:  /.  k  =  1.2,  • 

■,  n. 

(26) 

On  (23)  all  efficiency  in  the  second  section  will  be  also 
idant  ical : 


»is/  ==  nt = ii  (  i  — ! . 

*  —  ^i/ 


(27) 


Interaction  APR  in  second  section*. 

>  —  |  <  atta‘>  :  =  —  !  <<h i  Tt'T ,  1  fli*  > 


rut- 


1 23) 


V2 


n» 


Prom  (12)  it  follows 


T-'r;-1  =  [ E-al >  < a . 

1  —  <  a<(a*(.> 

Is  here  used  the  known  inversion  formula  of  aatrix/die  [2]. 


Thus,  from  (23)  it  follows  that 


.  _  l  ^  ,  <  aiian  >  <  anai*  >  1 

r*ik  =  —  - 1 - - - 

’ll  !  1  —  T)j 


Great  possible  interaction  (for  any  1  and  k) 

Vi  \  M>  -’li-’liM 


r tit  max  —  rt  = 


’ll  rl 


(29) 


’ll  \  l— ’I,/  !  —  0i  — 

The  conversions  of  fora  (27)  and  (29)  will  occur  with  each 


increase  in  the  number  cf  section;  therefore  for  arbitrary  i 
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1  j- 


1  -’li-i  ) ' 


rl— 2O  ~  11-2  +  Ht-t  rl — 2) 
*  'll— 2  3-  *L— 2  2 

i  =  1,2,  ■  ■  ■,  n. 


(30) 

(31) 


With  i=n  froa  condition  rjn^l  and  (30) 


Page  88. 


(32) 


3y  induction  taking  into  account  (32),  (30)  and  (31)  it  is  not 

difficult  to  show  that  Hi  <  - - - 

1  —  in  -r  1 J/-J 

or 

I'nax  ~ - - - 

1  —<n  —  l)r 

(33) 

Formula  (33)  establishes  tne  unknown  connection/coamunication 
between  maximally  achievable  africiancy  of  channels  imai,  their  number 
n  and  assigned  interaction  of  AFH  r  under  the  conditions  (25),  (26). 
Fig.  2  this  connection/cciaaumcation  shows  graphically. 


MODIFIED  SERIES  CIRCUIT. 


Let  us  consider  the  Uniting  case  when  n„  =  l  (f,=0).  In  this  case 

the  connection/comaunication  in  tae  latter/last  coupler  of  the  i 


A 
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channel  aust  be  single;  therefore  the  presence  of  terminals  a'  and 
a*  1  (Pig.  1b)  is  deprived  of  sense  and  it  is  possible  to  reject/throw 
them.  Discussing  similarly  for  1,  the  2nd  and  so  forth  of  channels, 
we  come  to  the  modified  diagram,  shown  in  Pig.  3a  (two-channel 
diagram  of  this  fora  is  given  m  [1]). 


-*•  -or  -so -rs ~  '-i  i  ioepz 

r-i-  =■ 


-4-6 
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Page  39. 


The  arbitrary  i  channel  of  tae  modified  diagram  will  have  a 
number  of  output  terminals  a-i*l<:ar  where  a  -  number  of  radiators 
(Fig.  3b)  .  Scattering  matrix  of  this  channel 


1  ...m  —  i  —  1  1 '  ...m  —  V 


j0  <a„  <0  j 


m  —  i 


0> 


T. 


[0] 


,34. 


Hare  j"  .  -  no  longer  sguare,  but  rectangular  aatrix/die. 


From  unitarity  S,  we  will  ootain: 


<  >=!• 
<a„r  =  <0. 

au  D>  <  Oil  T  T ,Tt  ™  Cm— i  —  I  • 

7\  r:  =  Em_„ 


During  the  excitation  of  terminals  1*, 
amplitudes  u on  terminals  1,  ...  a-i+1 

a:,>  =  r,u_,,> 


(35 1 
(36' 

(37' 

(38. 

....  m-i'  the  column  of 
will  be  the  column 

|39i 


(columns  a,  >  and  u,_ u>  have  various  order) 
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Proa  (38)  it  follows 

<aiia;,>=<a.il,a^w>.  (40) 

i.  e.  there  are  no  power  losses  during  the  transmission  froa 
i+ 1  to  section  i,  as  this  is  oovious  and  physically. 


Proa  the  absence  cf  power  losses  must  follow  that  A?3  a 
an>  are  orthogonal  with  any  a»<  > 


Is  actual/real,  from  (36)  and  (39) 


with  any  a^<  > 


<alira;_l'>-o 

<  a„a> 


The  relationship/ratio,  necessary  for  the  synthesis  of 
APR,  wa  will  obtain  from  (38)  and  (39); 

a..,  >.  1 

tb  let  us  note  that  equality  (45)  is  obtained  for  arbitrary 
but  not  for  arbitrary  a..>  and  is  applicable  only  for  similar 
which  by  selection  a,_i  >  it  is  possible  to  satisfy  equality 
i.e.,  for  u -1  >•  the  ortnogonal  ones  with  respect  to  >  * 4 i > 
other  words,  with  the  help  of  this  diagram  it  is  possible  to 


sect  ion 

M ^  and 


its  own 


for 

(39)  , 

In 

realize 


r - 

AD-A090  523  F0REI8N  TECHNOLOGY  OIV  8RI8HT-PATTERS0N  AFB  OH 
ANTENNAS* IU> 


completely  accurately  only  xnowj.ngly  orthogonal  APR. 

Pag  e,  QO. 

Let  us  show,  however,  that  if  assigned  APR  are  not  orthogonal, 
then  (42)  gives  best  approximate  solution  in  the  sense  of 
root- mean-square  deviation. 

3est  approximate  solution  of  equ.  (39),  in  the  sense  of 
coot-mean-square  deviation,  taxes  form  [  3] 

ai+ 1/  =  Tf  au  (43) 

where  T.-  -  pseudo-reverse  matrix/die  with  respect  to  T£  determined 
by  equality  [3]: 

T{TfT(=Tt..  (44) 

Let  us  present  matxix/die  Ti'  xn  the  fora  of  the  block: 


where  .4,  -  triangular  aatrix/dia  of  order  m-ixm-i; 


<Bt-  row. 


Prom  [3,  page  64]  we  will  obtain 

Tt  -  [  A]  \ +  fl*  >  <  s,]->  q;b;  >)  t 

where  (A'B"  »  -  block  recording  of  matrix/die. 


But  from  (38)  we  have 
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$iBf> )  )  =[A/A'  4-5,  >  <  B'j  -  £, 


therefore  (45)  can  be  presented  as 

r/-=*(^s‘>)=T* 

and  (43)  it  will  be  rewrittan  as 


that  it  coincides  with  (42)  . 


Thus,  for  the  synthesis  of  the  modified  diagram  it  is  necessary 
to  use  (42)  ,  If  the  given  ones  on  emitter  AFa  are  nonorthogona-1,  then 
true  AFR  will  be  nevertheless  oxthogonalized r  but  (42)  will  ensure 
best  approximation  to  reguxred  AFR  in  the  sense  of  average  quadratic. 


EXAMPLE  OF  CALCULATION  BY  MODIFIED  DIAGRAM. 


As  the  illustration  let  us  lead  calculation  of  modified  series 
circuit  with  a  number  of  emitters  m-4,  forming  four  orthogonal  AFR. 

Page  91. 

Analogous  AFR  can  be  obtained  on  Butler's  four-channel  matrix"  [1]: 
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<ki  > 


-  1 

-  1  -145*— 

—  j  — 

- 

—  e 

2 

2 

T 

1  -I4S* 

—  e 

2 

;  ci*  >  = 

1  +i»0* 

—  e 

2 

1! 

A 

a 

a 

1  -1135* 

—  e 

2 

1  — i90° 

—  e 

2 

1  -1135* 

2  6 

1  4-190* 

—  e 

2 

1  -1135' 

—  e 
_  2 

1 

_  2 

1  -145* 

—  e 
_  2 

au  >  » 


1  -ins’~i 

—  e 

2 

1  —190® 

—  e 

2 

1  -i4S 

—  e 


2 

The  first  channel  is  designed  directly  on  given  one  an>. It  is  shown 
in  Fig.  4a.  In  the  diagram  are  shown  crosstalk  attenuations  and  phase 
shifts/shears  in  the  degrees  (phase  shifts  are  selected  talcing  into 
account  supplementary  phase  displacement  on  -  w/2  in  the  directional 
couplers)  . 


flatrix/die  7*  takes  the  fora 


ll  e.'*r _ L_e"35; 

2  2  V  3" 


0 

0 


*1  4e'i3a  -U  -L 

’  3  1  a  i  c 


2  V  3 
)  6 


_ l_  US”-, 

2V3  C 

I  145 

-=e 
J  6 


I 


1  i4o° 

i  t  nr e 


Por  APR  .in  the  second  section  we  will  obtain  on  (42) 


"0,577  eMS  " 

'  0,577  e190'  “ 

"0,577e_,4£  " 

>  = 

0,408  e'1135 

;  a!3>  = 

0,643  ell8>3' 

1  fl»4>  = 

0,643e!  :s  5 

_0,707e145' 

.0,5  e~i45= 

.0,5  e  45 

Pig.  4. 
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Second  channel  of  diagran  is  shown  in  Pig.  4b.  Matrix/die  T\ 
takes  the  form 


r3'  = 


0,816e 
0 


f45 ' 


—  0,288  e 
0,866  e 


0,5  e_il3S 


— il35° 


0,5  e 


-i  135“ 


9e  will  obtain  on  (42)  for  APR  in  the  third  section 

’0,707 


0*3  >  = 


0,707e1135  ' 
0,707e-il35\  ' 


034  >  = 


_0,707e-l*° 

Consequently,  in  the  latter/last  node  it  is  necessary  to  use  the 


directed  coupler  with  3-decxbel  connections/ccununications  and  the 
phase  shifts,  shown  in  Pig.  ¥aCh. 


1 

^  I 
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CONCLUSION. 

In  conclusion  let  us  note  that  a  selection  of  one  or  the  other 
type  of  the  diagram- forming  diagram  depends  on  the  degree  of 
interaction  of  assigned  APR  and  permissible  distortions  of  radiation 
patterns.  In  the  implementation  of  orthogonal  APR  the  modified 
diagram  has  an  advantage  before  the  usual  both  according  to  the 
number  of  elements/cells  and  on  efficiency,  with  nonorthogonal 

t 

assigned  APR  it  orthogonalizes  them,  respectively  distorting 
radiation  patterns.  Normal  series  circuit  in  this  case  accurately 
reproduces  diagrams  due  to  the  decrease  efficiency. 
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Algorithm  of  the  selection  of  the  optiaua  location  of  the  eaitters  of 
linear  antenna  array  by  tna  aethod  of  coordinate-by-coordinate 
sorting. 

Tu.  Kh.  Veraishev,  V.  7.  uauraan#  a.  B.  Zakson. 

Is  proposed  the  algoritha  of  the  global  search  of  the  optlaua 
location  of  the  eaitters  of  antenna  array.  Algoritha  is  approved  on 
the  synthesis  of  the  noneguidistanc  gratings,  optiaua  in  dol6fa- 
Chebyshev's  sense.  The  obtained  results  exceeded  the  achieveaents 
earlier  in  other  works.  Is  foraulated  proposition  about  the  possible 
way  of  the  construction  cf  none guidistant  gratings. 

PORHOLATIOM  OF  THE  P30BL EfJ. 

Is  assigned  linear  egual-aaplitude,  syaaetrical,  cophasal 
grating  with  the  radiation  pattern 

n 

F  (9)  =•  1  -f  2  V  cos  (2n  x(  sin  8),  ( 1 ) 

.-I 

where  x*  -  distance  of  tae  i  eaitter  fro  a  the  center  of  grating  in 
the  wavelengths  X;  f?  6  -  direction  of  radiation/eaission. 


calculated  off  the  noraal  to  the  grating 
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Tha  position  of  central  and  outer  emitters  is  fixed/recorded. 

2  * 

where  H  -  number  of  emitters. 

For  the  location  cf  emitters  are  superimposed  the  limitations: 

d,  ^  0;  (2) 

2Vj,.  =  L.  (3) 

l 

Here  L  ~  length  or  grating.  Problem  consists  in 

n-dimensional  euclidean  space  Rx(x,£Rx)  selecting  of  the  initial 
point,  gradient  search  from  waich  would  lead  to  the  global  minimum  of 
the  function: 

(j>  _  1  F  (8)wax  i 

F  (0)  ’  (4' 

where  /:(B)moX  -  maximum  value  of  the  side  lobe  of  radiation  pattern  in 
the  interval  of  angles 

f(0)  -  the  value  of  tne  major  lobe/lug  of  radiation  pattern 
with  9*0; 

290  -  width  of  the  fundamental  maximum  of  radiation  pattern  on 


level  of  maximum  side  lobe 
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Thus,  discussion  deals  with  finding  of  the  location  of  emitters 
in  the  nonequidistant  grating,  which  has  the  radiation  pattern,  close 
to  optimum  in  the  sense  Dol* f-Chebyshev. 

SSTHOD  OF  THE  SOLUTION.  Examples  or  use/application. 

The  proposed  method  is  based  on  the  use  by  computers.  It 
encompasses  the  following  sequence  of  operations: 

1.  Selection  of  the  initial  location  of  the  eaitters  of  grating. 

2.  Displac9aent/aoweaent  of  first  (near  to  central)  emitter 
along  aperture  of  grating  wxta  step/pitch  &L  and  selection  of  its 
best  position  on  criterion  (4) . 

3.  Selection  by  analogy  of  best  position  for  second  eaitter  in 
fixed/racordad  positions  of  otners,  etc. 

Process  cyclically  is  continued  until  at  least  one  of  the 
eaitters  can  to  be  placed  to  tne  following  criterion  (4)  position 
with  this  step/pitch  of  displaceaent/aoveaent  along  the  aperture  AL. 
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4.  Obtained  solution  is  used  as  initial  approxiaation/approach 
with  gradient  descent  [  1  ]. 

The  described  method  was  approved  on  the  synthesis  of  lattice 
row.  First  of  all  let  us  pause  at  the  grating  by  the  length  40A, 
which  consists  of  21  isotropic  eaitter  with  the  half  width  of 
funda«8ntal  ray/beam  po-0.04  and  tas  step/pitch  AL=0.  1\  (jj0  =  sin90)  • 

As  the  initial  ones  were  undertaken  three  different  cases  of  the 
location  of  enitters. 

Pig.  In,  b,  c  shows  tne  positions  of  emitters  in  the  aperture  of 
grating  before  and  after  conducting  of  operations  on  paragraphs  1,  2 
and  3.  (in  view  of  the  symmetry  of  grating  is  shown  only  the  half 
aperture.  Central  emitter  -  the  first  to  the  left) . 

Initial  location  in  Fig.  la  corresponds  to  equidistant  grid  with 
distance  of  d  between  the  emitters,  equal  to  d-2X. 
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For  this  case,  called  further  the  case  "a".  Pig.  2  shows  the  sequence 
of  changing  the  positions  of  emitters  in  the  course  of  fulfilling  the 
operations  on  paragraphs  1,  2,  3. 

In  Pig.  1b  as  the  initial  is  undertaken  the  polynomial  location 
during  which  interelemental  distances  d,  were  calculated  from  the 
formula 

d,  =  c0  -r  c,i  +  c*<!,  r,ae  c,  =  J;  ct  =  —  0,  i ;  c,  =  +0,15. 

Figure  ic  corresponds  to  the  case  when  all  emitters  of  original 
lattice  (except  central  and  extreme  ones)  are  assembled  in  each  half 
aperture  into  one  point. 

Th3  optimum  locations  of  emitters,  shown  in  Pig.  1  ct,  b,  c,  led 


1 


1*1 
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after  gradient  descent  of  taea  (operation  on  p.  4)  respectively  to 

the  following  values  of  maximum  side  lobe: 

—  12,3  d6\  —  1 1.7  k3\  —  1 1.9  AB. 

/ 

In  this  case  the  positions  of  eaitters  were  changed  they 
unessentially  and  virtually  correspond  to  the  positions,  shown  in 
Fig.  1.  For  an  example  Table  1  shows  for  the  case  "a"  the  optimum 
location  of  emitters  after  f ull/total/co aplete 

coordinate-by-coordinate  sorting  and  subsequent  gradient  descent 
(L-40X)  . 

The  comparison  of  the  radiation  patterns,  obtained  in  all  three 
cases,  shows  that  with  the  f ull/total/co mplete 

cooriinate-by-coordinate  sorting  the  side-lobe  level  reached  weakly 
depends  on  the  selection  of  original  lattice.  (Radiation  pattern  for 
the  case  "a"  it  is  given  m  Fig.  J) . 

One  should  take  into  account,  however,  that  this  factor 
substantially  affects  retrieval  time.  Thus,  for  instance,  during  the 
initial  polynomial  distrioution  was  required 

approximately/exemplariiy  three  times  less  than  cycles  (cycle- 
girder/drive  of  elament/call  along  the  aperture),  than  in  two 
remaining  cases. 

Let  us  note  also  tnat  the  gradient  descent  did  not  lead  to  an 
essential  improvement  in  tae  results.  Sidelobe  level  was  improved 


only  by  0.2-0. 4  dB, 
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Kay:  (1).  Y amber  of  radiator.  (2).  Coordinates 
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As  the  second  example  was  carried  out  employing  the  same 
procedure  the  optimization  of  aoneguidistant  grating  with  L=20x,  N=21 
and  u„=0.05.  Sidelobe  level  proved  to  be  equal  -  14  dB  during  the 
optimum  location  of  emitters,  shown  in  Pig.  4. 

Has  also  traced  grating  by  length  1=40X  at  different  values  of  u0. 
Fig.  5  shows  the  optimue  locations  of  emitters  with  different  width 
of  the  fundamental  ray/beaa  ua.  As  one  would  expect,  the  expansion  of 
fundamental  ray/beaa  leads  to  a  decrease  in  the  sidelobe  level.  The 
effect  of  the  width  of  fundamental  ray/beam  on  the  attained  at  the 
optimization  sidelobe  level  O  is  shown  in  Table  2. 


As  can  be  seen  from  figures  1  (a,  b,  c)  4  and  5,  in  the  obtained 
optimum  gratings  ars  absent  tae  inter ele mental  distances  less  than 
the  value  0.5X.  Furthermore,  alaost  for  all  synthesized  gratings  is 
characteristic  the  appearance  of  equidistant  sublattices  with  a 
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number  of  elements/cells  from  1  to  6  with  distances  of  d  between  them 
within  the  limits  0.6X<d{0.9X. 

Thus,  for  the  purpose  of  the  reduction  of  the  laboriousness  for 
computations  as  the  initial  it  would  be  expedient  to  choose  precisely 
this  group  location  of  emitters.  Furthermore,  on  the  basis  of  the 
results,  one  should,  apparently  consider  that  the  search  of  optimum 
in  a  Dol' f-Chebyshev  sense  gratings  with  interelemental  distances 
less  0.5X,  is  unsuitable. 


4 


DOC  =  30134007  PAGE  JOM 

Table  2. 

^liliipwla  OCHOB-  !  !  ! 

Horo  JiVMa  L'0  |  0.02  '  0.03  !  0.04 

; 

3HaneHHe  <I>,  <M  — 10.5- — 11.5—12,0 

Key:  (1).  Width  of  the  fundamental  ray/beam  0o.  (2).  Value  e,  dB. 

INTEGRAL  EVALUATION  CRITERIA  Of  LATERAL  RADIATION  AND  ITS  COMPARISON 
WITH  THE  HINIMAX  CRITERION. 

Foe  the  evaluation/estiaate  of  radiation/e  mission  out  of  the 
fundaaeatal  cay/beaa  can  be  also  used  integral  evaluation  criteria  of 
the  lateral  radiation 


S  =  jf‘(u)du,  where  u=sin0.  (5) 

An  improveaent  in  the  diagraa  on  the  integral  criterion  leads  in 
the  considerable  angular  interval  to  its  iaproveaent  and  in  the 
ainiaax  sense.  Integral  criterion  is  convenient  when  integral  in  the 
right  side  of  foraula  (5)  can  oe  undertaken  analytically,  since  this 
allows  (approxiaately/exeaplarily  to  two  orders  in  the  case  in 
question)  to  reduce  the  time  of  calculation,  since  there  is  no  need 
for  in  the  survey  of  radiation  pattern  in  angular  interval  [  8o-v/2  ]. 
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Lat  us  give  several  examples  of  calculations  according  to  the 
integral  criterion. 

Pig.  6  shows  distribution  obtained  by  f ull/total/conplete 
coordinate-by-coordinate  countershaft  on  criterion  (5)  with  L=40X.  and 
uo=0. 04.  as  the  initial  was  undertaken  equidistant  grating. 

As  can  be  seen  froa  figure,  emitters  with  the  varied  position 
formed  equidistant  sublattice  with  distance  of  d,  different  Q.9X. 

Page  98. 


It  is  interesting  that  when  as  the  initial  was  undertaken 
distribution  •*..  which  is  the  grouped  in  center  equidistant  sublattice 
with  d=0. 9X  (Pig.  7)  f ull/total/coaplete  coordinate-by-coordinate 
sorting  according  to  criterion  (5)  it  led  to  the  solution,  which 
coincides  with  the  initial  distribution. 

The  corresponding  optiaua  radiation  pattern  has  a  sidelobe  level 
-  12  dB  with  the  width  of  the  fundamental  ray/beam  uo*0.09. 

Por  the  aore  detailed  research  of  the  interconnection  between 
the  integral  and  ainimax  criteria  was  sat  the  special  experiment 
whose  results  illustrates  Pig.  8.  Along  the  axis  of  the  ordinates  of 
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figure  is  da  posited/ post poned  the  value  of  functioa  <X>;  along  the  axis 
of  abscissas  -  nuaber  of  toe  cycle  of  coordinate-by-coordinate 
sorting  on  criterion  <D  solid  line  shows  a  change  in  value  <D  in  the 
cycles  with  the  initial  equidistant  grating.  On  each  cycle  was 
checked  also  the  value  of  tne  integral  criterion  S.  A  change  in  value 
S  in  the  cycles  is  shown  by  tne  dotted  line  (initial  values  S  and  <D 
are  accepted  as  unity).  As  can  be  seen  fron  figure,  the  decrease  of 
value  <D  iaply  and  decrease  of  S.  This  it  suggests  about  the  fact 
that  for  decreasing  the  retrieval  ties  as  the  initial  distribution 
during  the  optiaization  according  to  ainiaax  criterion  <D  should  be 
used  the  solution,  obtained  on  criterion  S. 

This  assuaption  was  checked  based  on  the  following  exaapla.  Fig. 
Sc  shows  the  optiaua  location  of  eeitters  after  full/total/coaplete 
coordinate-by-coordinate  sorting  tne  ainiaax  criterion  froa  the 
original  lattice,  which  corresponds  to  Fig.  7. 

As  can  be  seen  frca  these  figures,  the  displaceaent/aoveaent  one 
eeitter  alone  proved  tc  be  sufficient  in  order  to  obtain  sidelobe 
level  ^  equal  -  12  dB  with  tne  width  of  the  fundaaental  ray/beaa 
jo*0. 04 . 
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Key:  (1).  Number  of  cycle. 
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THE  POSSIBLE  HAY  OF  THE  CONSTRUCTION  OF  NONEQUI DISTANT  GRATINGS. 

Generalizing  the  given  above  results,  it  is  possible  to 
foraulate  the  proposition  according  to  which  the  noneguidistant 
grating,  close  to  the  optima  in  a  Dol' f-Chebyshev  sense,  can  be 
constructed  in  the  form  of  the  coaoination  of  equidistant  sublattices 
with  distances  of  d  in  the  liaits  0. 5\<d<l. 


On  the  base  of  this  proposition  was  produced  the  optiaization  of 
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nonequidistant  grating  with  L=p0a,  N*21  and  uo=0.04. 

As  the  initial  was  undertaken  the  distribution,  which  consists 
of  the  combination  of  two  equidistant  sublattices  with  the  distance 
between  emitters  d=0.8A  (Fig.  9a). 

For  obtaining  the  final  solution  proved  to  be  sufficient  the 
displaceaent/aovement  only  of  one  aleaent/cell  (Pig.  7b). 

Poc  the  comparison  Table  J  gives  for  L-50\  the  location  of 
emitters,  obtained  after  gradient  descent  with  the  initial 
approxiaation/approach ,  which  corresponds  to  Pig.  9b,  and  also  the 
location,  obtained  with  analogous  initial  data  by  the  aethod  of 
dynamic  programming  [2]. 

Let  us  note  that  as  a  result  of  descent  the  sidelobe  level  was 
lowered  with  -12  dB  to  -12.5  da.  Tne  obtained  radiation  pattern  is 
given  in  Pig.  10.  Por  the  coaparison  dotted  line  here  gave  the 
radiation  pattern  of  grating,  obtained  in  wort  [2]. 

As  can  be  seen  frca  tanle,  gradient  descent  did  not 
significantly  break  laws  governing  proposed  above  the  location  of 
emitters  in  grating. 


A 
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Table  4  glvas  the  ccepansoa  of  the  results,  obtained  by  the 
■ethod  of  full/total/complet#  coordinate-by-coordinate  sorting,  with 
the  data,  undertaken  free  wonts  i  l,  3]  (L=50X,  M=21,  uo  =  0.04). 

A3  can  be  seen  frem  Tania  4  tne  method  proposed  is  preferable 
both  on  the  laboriousness  for  computations  and  on  the  side-lobe  level 
reached. 
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Kay:  (1).  Nuaber  of  emitter.  (2).  Distance.  (3). 
Coordinate-by-coordinate  sorting  and  gradient  descent.  (4)  . 
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Kay:  (1).  rtethod.  (2).  level  reached,  dB,  side  lobes.  (3).  Number  of 
approved  in  process  of  search  of  combinations  of  locations  emitters. 
(4).  Pull/total/complate  coordinate-by-coordinate  sorting.  (5). 
Dynamic  programming  (modified)  f  2  ].  (6).  aethod  of  operation  [3]. 


Conclusion/output. 


1.  is  proposed  algoritna  of  global  search  of  location  of 
emitters  in  by  linear  noneguidistaat  antenna  to  grating,  close  to 
optimum  in  0ol% f-Chebyshev' s  sense.  As  the  basis  of  algorithm  is 
assumed  the  method  of  the  full/total/complete 

coordinate-by-coordinate  sorting,  with  which  is  produced  the  cyclic 
permutation  of  emitters  along  the  aperture  of  grating  and  the 
selection  of  the  radiation  patterns,  best  from  the  point  of  view  of 
the  criterion  accepted. 


i 
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2.  Ia  process  of  final  adjustment  of  algorithm  is  traced 
interconnection  between  integral  evaluation  criteria  of  lateral 
radiation  and  minimax  criterion,  it  is  established/installed,  that 
the  process  of  search  can  be  considerably  accelerated,  if  at  first 
the  minimization  of  news  on  tne  integral  criterion,  and  then  on  the 
criterion  minimax. 

Page  101. 

3.  Results,  obtained  during  construction  of  series/row  of 
nonequidistant  antenna  arrays,  and  also  comparison  with  previously 
data  reached  testify  about  efficiency  of  algorithm  proposed. 

4.  on  base  of  obtained  results  is  formulated  proposition 
according  to  which  nonequidistant  grating,  close  to  optimum  in 

Dol* f-chebyshev  sense,  can  be  constructed  in  the  form  of  combination 
of  equidistant  sublattices  witn  inter  elemental  distances  in  limits 
0. 5X<d<X. 
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Performance  calculation  of  antenna  radiation  with  the  circular 
aperture. 

L.  Z.  Pazin,  Yu.  S.  Petreyxov. 

In  connection  with  antenna  with  the  circular  aperture,  field 
distribution  in  which  is  assigned  ny  function  u— are  obtained 
expressions  for  the  radiation  cnaracteri sties  in  the  region  of 
approaching  Fresnel,  and  also  for  the  radiation  pattern  in  the  remote 
zone  in  the  presence  of  quadratic  phase  distortions  in  the  aperture. 

These  characteristics  are  described  with  the  help  of  the 
proposed  in  the  present  worx  functions  of  three  variabla/alternating, 
which  are  the  linear  combinations  of  the  Bessel  functions  and  Lomnel. 

Are  examined  examples  of  the  use/application  of  the  obtained 
results. 

Introduction. 

The  use/application  of  cylindrical  functions  of  two 
variable/alternating  (functions  of  Loramel  [1,  2,  6,  7])  maxes  it 
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possible  to  determine  the  radiation  characteristics  of  antenna  with 
the  circular  aperture  in  the  ragion  of  approaching  Fresnel.  Thus,  for 
instance,  in  the  work  cf  Hansen  [3,  4  ]  it  is  shown  that  the 
combination  of  the  functions  of  Lomrael  (m,  u)  *iu2  (a,  u)  describes 
the  radiation  pattern  cf  avenly  and  cophasally  excited  circular 
aperture  in  field  indicated  amove  (in  the  works  [3,  4  ]  is  allowed  the 
error  in  the  determination  of  the  first  variable/alternating  function 
of  Loaael,  in  the  adopted  there  designations  one  should  assurae/set 
v-  ka2/R=»/4A)  .  In  work  ^  5  3  is  introduced  the  function 

wo  u>  «  (ff  ^  (m'  “>  -  ‘ u'-  ( m •  )  • 

describing  the  antenna  radiation  pattern  with  the  circular  aperture, 

amplitude  distribution  of  field  in  which  is  assigned  by  function 

(l-r2K 

In  the  present  work  are  obtained  the  expressions  for  calculating 
some  radiation  characteristics  cf  antenna  with  the  circular  aperture 
with  field  distribution  of  form  < \-pt-)n,  which  assume  the  use  of  the 
tabulated  functions. 

RADIATION  PATTERN  IN  A  REGION  OF  APPROACHING  FRESNEL. 

Piald  at  observation  point  a  (Fig.  1A)  let  us  determine  with  the 
help  of  Kirchhoff's  integral  of  the  scalar  function  of  field 
distribution  in  the  aperture: 

■  e’"''  -U  |  •1i|)lie,r,!  dS.  (I) 

/.  '  1  r 
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whera  A  (  pt)  and  if(.pn  -  axisymaerric  functions  of  amplitude 
distribution  and  phase  of  field  in  the  aperture  Kith  a  diameter  of 
D-2rt ;  r  -  distance  between  tha  point  of  aperture  A  and  observation 
point  N ;  dS»pidpid<p  -  element  of  area  of  aperture. 

Page  10  3. 


Prom  the  examination  of  Fig. 


follows 


that 


r=R 


Pf  2p,  sin  0cos  (<f — q-j) 
R*  R 


(2) 
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-  for  the  exponential  function  in  the  numerator  (by  using 
expansion  vT+a«l  +  -§-) 

(12  ^ 
r  =  #-p  — - pj  sin  9  cos  (<pt  —  <pt).  (3>k>) 

2  r\ 

Let  us  introduce  the  assignations: 

u  =  ftr1sin0  -  the  generalized  angular  coordinate;  ^ 

relative  coordinate  of  the  point  of  aperture; 

dimensionless  parameter  (a  "number  of  Fresnel"),  dj'} 

It  is  easy  to  show  that 

m  =  IT'  (5a) 

4A 

where  A=*HV2D2  -  the  "given  distance",  the  parameter,  usually 
utilized  in  the  examination  of  radiation  characteristics  in  the  near 
zone  of  antenna  [4], 

Substituting  (2a)  and  (2o)  in  (1)  and  taking  into  account 
(3) -(5),  after  simple  conversions  it  is  possible  to  obtain,  lowering 
parmanant  factors,  the  following  expression  for  the  radiation  pattern 
in  the  region  of  approaching  Fresnel: 

— 1  —  (• 

F{u)  =  f/KOe'*''’  J,{ui)e  2  tdt.  (6) 


m  = 


kri 
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Subsequently  wa  will  exaaine  the  functions  of  the  distribution  only 
of  fora  A(t)~  (1—  ptz)n  and  y(t)  =<pm<*  or  $(0=0. 


let  us  consider  expression  for  the  radiation  pattern  (in  the 
region  of  approaching  Fresnel)  during  the  cophasal  excitation  of 
aperture  (v(t)**0)  for  the  fora  of  the  function  A  (t)  accepted: 


!  — *  —  f* 

F(u)  =  J*  (1  — pit)n  Jt  (uf)  e  2  tdt. 
6 


(7) 


Representing  A ( t)  ay  power  series,  it  is  possible  to  record  (7) 
in  the  fora 


=  2  (-  lyc'p'ip*".  . 

9—0 

where  C«  -  binomial  coefficient; 

-p.  (ut)  t] 1  “t 
Page  105.  « 


(8) 


In  appendix  it  is  shown  that  integral  (9)  is  led  to  the  following 
expression: 

-‘7 

/[f,An  =- — -[^W.  nt.  u)t  iW,(q.  m.  «)].  (10) 

m 

where  ®i  (g#  a,  u)  and  ®2  (  g,  a,  u)  -  function  three 
variable/alternating,  deterainea  as  follows: 
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o-i 

V\(q,  m,  u)~i\V.(q,  m,  u)  —  V 

£=0 


f_l(=  r  ■  (-i,*  /,  (»)  - 1-  ,r  jj  (-  d‘c5(^  r  > 

J  *-o 

“)](<?=  1.  2.  3  •  ■  ■),  (11) 


in  this  case 

(0,  m,  u)qii  ^(0,  m,  u)=L\(m,  u)^iUt(m,  u).  (11a) 

Talcing  into  account  (8)  and  (10)  tae  radiation  pattern  can  be 
recorded  in  the  form 

— t — 

F  (u)  —  ~ — ~  F  M  (u),  (12) 

m 

where 

n 

Fm  (u)  -  ^  (“  1)'  CS  P?  (<7 •  «.  b)  -r  l  W7.  (g,  at,  u)J.  (12a) 

H) 

During  th9  noncophasai  excitation  of  aperture  (VfO—Qmt*)  the 
radiation  pattern  also  can  be  determined  by  expression  (12) ,  but 
during  replacement  of  m  on  (m— 2<pm).£a  the  case  <pm=-y  the  radiation 
pattern  is  described  by  known  expression  for  the  remote  zone  l) : 

F(u)=$A(t)J.(u  i)tdt.  (13) 

B 

FOOTNOTE  *.  The  method  of  the  definition  of  radiation  pattern  for  the 
remote  zone  at  comparatively  small  distances  (&<1) ,  which  foresees 
the  proper  misphasing  of  aperture,  as  is  known,  it  is  proposed  by  N. 
A.  Tasepkinoy.  ENDFOCTNOTS. 
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EPPECT  DP  QUADRATIC  PHASE  DISTORTIONS  ON  THE  RADIATION  PATTERN  IN  THE 
REMOTE  ZONE. 


Assuming/setting  in  (6)  a=0  and  using  materials  of 
application/appendix ,  it  is  possible  to  obtain  the  following 
expression  for  the  radiation  pattern  in  the  remote  zone  during  the 
quadratic  phase  distortions  in  aperture  (<pf 0 ~<M2) : 

n 

F(u)  =  j  (-  \)'(Zp^Wx\q.  2 <pm,  uj-i  W,  (q,  2 <pm,  u'lj  .  (14) 

in  this  case  as  in  (12),  is  omitted  permanent  factor  ~~  .  Fig.  2  gives 
the  results  of  calculating  the  radiation  patterns  for  case  of  n=1, 
with  p=0;  0.685;  1.0  and  n  calculations  were  produced 

according  to  the  formula 

F(u)  =  [Ux(rru  u)  —  pW,.(  1,  m,  u))  — i[C',(m,  u)  —  pWt(],  m,  u)].  (15) 
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So,  for  the  coaparison,  are  shown  the  radiation  patterns  for  cophasal 
aperture  (opm^O),  calculated  by  the  foraula 

F^>  =  ~  .Mu)- 


(16) 
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of  that  obtained  from  (13)  by  simple  conversions. 


PIELD  DISTRIBUTION  IN  A  REGION  OS  APPROACHING  FRESNEL. 


In  a  number  of  cases  is  of  interest  amplitude- phase  field 
distribution  in  the  region  of  approaching  Fresnel. 

examined/considered  usually  in  the  planes,  perpendicular  to  the  axis 
of  aperture.  We  use  given  above  expression  (1)  for  calculating  the 
field  at  observation  point  «,  located  in  plane  p  (see  Fig.  1b).  From 
figure  it  follows  that 


'-*r  ■-£--£ 

In  the  region  in  question  it  is  possible  to  assume: 


PiPt-'os'q^  — to 
R * 


(17) 


-  for  the  denominator  of  integrand,  as  earlier, 

'  =  R:  (17a) 

-  for  th9  exponential  function  in  the  numerator 

Let  us  introduce  designation  l)  : 

u=*rlii  =  «£t.  (18) 

*  'i 

FOOTNOTE  ‘.  It  is  clear  taat  wnen  .mu  ENOPOOTNOTE. 


Substituting  (17a)  and  (17o)  into  1  and  talcing  into  account  (4),  (5) 

and  (18),  it  is  possible  to  ootain  the  following  expression  for 
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calculating  the  field  in  che  region  of  approaching  Fresnel: 

c  -<*»  rr 

£*  =  lffle  e  *"  F(u),  (]9) 

where  F (u)  is  deterained  by  expression  (12). 

Page  108. 

Lowering  in  (19)  and  (12)  peraanent  factors,  we  obtain 
expression  for  calculating  amplitude  distribution  and  phases  of  field 
in  plane  p  of  the  region  in  question: 

F  iu  i=e  f  (u)  =  j  r  e  .  (20) 

in  this  case  one  shouiu  deteraine  on  (12a)  talcing  into  account 

(18),  with  replaceaent  of  a  on  .m—  2(f^i  in  the  case  \v > ■'  =  w: 

Fig.  3  gives  results  of  tae  calculation  of  aeplit uda-phase  field 

distribution  for  case  cf  A(t)*1-pt*  with 

V’m  =  0,  p  =  0,684,  m  =  17  U  «  0.046). 

Calculation  was  produced  according  to  the  foraula 

F _  iu)  -  e  :m  {ji \  (m.  u\  — 

—  m.  u)|  - 

-  i  (c , (m.  u)  —p  1TI(  1.  m,  u))>. 


(21) 
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Pig.  3. 

PI  ELD  OP  APPLICATION  OF  Td£  OSTAIMD  EXPRESSIONS. 

Expressions  (12),  (19)  and  (20)  can  be  used  for  performance 

calculation  of  r adiation/eaissicn  in  the  region  for  which  are  valid 
placed  as  the  basis  of  their  conclusion/output  the  scalar  formula  of 
Kirchhoff  and  the  approxiaation/approach  of  Fresnel.  The  boundaries 
of  the  region  of  applying  Kirchhoff's  formula  it  is  possible  to 
consider  [4,  d]  the  region  of  angles  not  more  than  30°  from  the  axis 
of  aperture  and  the  distance  to  it  of  the  order  of  his  several 
disasters,  for  example  two  ([d],  page  9).  The  boundaries  of  the 
region  of  applying  the  approxiaation/approach  of  Fresnel,  i.  e. , 
representations  (2a),  (2b),  (Wa|  and  (17b),  are  daterained  by 
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araplituda  and  phase  criteria  for  permissible  in  this  case  errors  [4], 
which  express  through  ma  and  mlb. 

Let  us  consider  observation  point  .1  at  the  maximum 
resoval/distance  r2  frcm  the  axis  of  aperture  in  the  plane, 
perpendicular  to  this  axis,  and  let  us  assume,  by  analogy  with  [4], 
criteria  indicated  equal  to  X/d. 

Page  109. 


This  it  indicates,  in  the  first  place,  that  all  points  of  aperture 
are  visible  of  the  point  A  at  angle  not  more  »/8,  in  this  case  a 
change  in  the  factor  1/r  does  not  exceed  3o/o;  in  the  second  place, 
that  the  difference  between  precj.se  and  by  approximate  values  of  r, 
expressed  in  the  phase  angles,  does  not  exceed  r/8.  It  is  possible  to 
show  that  the  maximum  limiting  values  of  parameter  m  are  equal  in 
this  case  respectively: 


where 


m*  = 


a)«3 


I  ‘2/3 

l  i  1 


a  — 


rl 


(22) 


Pig.  4  shows  the  defined  by  expressions  (22)  and  (23)  near 
boundaries  of  the  region  of  approaching  Fresnel,  and  also  the 
boundary  of  the  use/application  of  Kirchhoffs  scalar  formula, 
defined  as 


under  above  condition  accepted 
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1  -j? 


JC.-/L32 

nDb <r 
.  ?.-'a/ixo*o!2 
zooMurt, 
ffup/etjtzz 


'  /  X 

,  y  Of  73  s/3 i 

,  ///  oouf  7ux<e»u!r 

//,/  j 


y/9^^ 
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Xay:  (1).  Boundary  of  the  use/application  of  Kirchhoff's  scalar 
formula.  (2).  Hegion  of  approaching  Frasnel. 


Conclusion. 


Por  the  antanna  with  the  symmetrical  excitation  of  circular 
aperture,  the  described  polynomial  of  form  il—  ;’,:int  are  obtained  the 
exprassions  for  performance  calculation  of  radiation/eaission  in  the 
near  zone  within  the  limits  of  tne  applicability  of  the 
approximation/approach  of  Fresnel,  and  also  in  the  remote  zone  in  the 
presence  of  quadratic  phase  distortions  in  the  aperture.  In  the 
expressions  indicated  are  used  proposed  in  the  present  work  functions 
of  three  of  variable/alternating,  that  have  integral  representation 
of  the  type  of  the  conversion  of  Hankel. 


1 
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The  obtained  results  can  oe  propagated  to  any  case  of  the 
described  by  polynomial  symmetrical  amplitude  distribution,  and  also 
can  be  used  for  the  computation  of  transmission  factor  the  energies 
between  the  antennas  in  the  near  zone. 


Page  110. 


Application/appendix. 


Calculation  of  the  integrals  of  the  form 

!  x  i  2 

j  ;v  (ut)e  2  t2<i~  1-v  dt 

o 


On  the  basis  of  known  integral  representation  for  the  functions 
of  Lommel  [2]  it  is  possiole  to  record 


=>l, 


(v+l) 


1 

-J 


Jy  ( ut )  e 


±1 

2  ^  + 


r 


o  m 

x  [  t'v+,  (m,  u )  ±it'v+?  (m,  a)]. 


■(f)' 


(n.i) 


Let  us  show  that  also  the  integral 

(U2) 

0 

can  be  represented  when  (i=v4.(2(7^;  analogously  through  some  functions 
4’v4., (v.  m,  n)  and  v^q,  m,  n),  expressing  with  the  help  of  the  3essel 
functions  and  Lommel.  He  use  for  this  method  of  integration  in  parts. 


making  it  possible  "to  draw  togetaer"  the  order  oi  function  of  Bessel 
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and  degree  t  in  the  integrand.  Lat  us  use  to  (p.  2)  the  forsula  of 
integration  in  parts  j®dr=* t—  jscf*.  after  assuming  u>=*jv  («/)/<*-';  =e  T 

As  a  result  it  is  possible  to  obtain  the  following  expression: 

7v*,=s  —  ~  [  e*‘  ~  7v(u)-(|i- V- l)/‘!1~2)  +  “/^'T”]  ,  (n.3) 

where  the  indices  of  the  confronting  in  the  bracxets  integrals  are 
already  "approached"  wish  tne  exponents  y{t)  to  2.  Applying  to  these 
integrals  and  the  further  indicated  method  (entire  q  of 
integrations) ,  it  is  possible  to  express  integral  (p.  2)  through  the 
integrals  of  fora  (p.  1)  ;v .  ;vri.  and  Bessel  function 

;v  (»>■  ;v^.i  Jv-rq-\  (“)•  Pinally  we  aave 

„>  ±i  —  t> 

/<,“>  =  -  \  yv  («r)  e  -  fVTi,Tl*  = 

0 

,  .  m 

— 

=  .-£ - — [1FV+1(7.  m,  u)±iirv+2(?.m,  u)J,  (XI. 4) 

m 

where  we  have  introduced  functions  three  variable/alternating, 
determined  as  follows: 


<7-1  r  C —  l — £ 

^Vf-i  (?.  «.  «)  i  (?,  m,  u)  =  V  V  (^i)-5* 

«-0  ..  0 


<g=*  1.2.3  .  .  (n.5) 
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With  g=0 

arv  (0,  m,  u)  ±  i  VTv^_,  (0.  m,  u)  =  Uv(m ,  u)  ±U\+l  (m,  n ). 

For  the  functions  of  the  first  and  second  orders,  with  g=1, 

/  u  \*  2  u 

(1 ,  m,  uj  =  —  i  U\(m,u)  - - C/t(m,u) - /,  (ti;;  (17.7)' 

\  m  /  77!  m 

2  /  u  \! 

!T,(1.  m,  u)  =  —  — U^m.u)  —  1  —  0't(m,  u)  —  y.  (u).  (17.8) 

nx  \  .vt  J 
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Page  112. 

Character istics  of  two-uuror  antenna,  which  forms  radiation  pattern 
of  sua-and-dif ference  type. 

L.  N.  Zakhar'yev,  A.  A.  Lemans/try,  A.  Ye.  Tuaanskaya. 

Is  evaluated  the  effect  of  diffraction  phenomena  at  the  Presnel 
zone  of  counter-reflector  on  tne  characteristics  of  two-mirror 
antenna  [  slope/transconductanca  of  the  differential  composing 
diagrams,  product  slope/transconuuctance  to  the  coefficient  of  the 
use  of  a  surface  (stalks)  or  tne  sguare  root  from  the  stalks].  Are 
given  the  maximum  values  of  tne  characteristics  indicated  which  it  is 
possible  to  achieve  due  to  the  correction  of  the  surface  of 
counter-reflector.  Are  given  the  parameters  of  the  corrected 
counter-reflector,  whica  correspond  to  the  maximum  values  of  the 
characteristics  of  two-mirror  antenna  with  the  sum-and-dif ference 
radiation  pattern. 

Work  [ 1  ]  examines  the  special  f eatures/peculiarities  of  shaping 


i 
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of  field  ia  the  aperture  of  two-airror  antenna  with  the  radiation 
pattern  of  total  type,  are  given  the  values  of  its  stalks  and 
coefficient  of  scattering,  is  proposed  the  method  of  an  improvement 
in  the  characteristics  of  two-airror  antenna  indicated.  In  contrast 
to  the  majority  previously  the  published  works,  the  results, 
presented  in  article  [  1  ],  are  octained  taking  into  account  the 
diffraction  distortions  cf  field  in  the  Fresnel  zone  of 
count  er-ref lector. 

In  this  article  with  the  nelp  of  tne  method,  described  in  work  [  1  ], 
is  conducted  the  analysis  of  tne  cnaract eristics  of  the  two-airror 
antenna,  which  forms  sua-and-dif f erence  radiation  pattern.  First  we 
will  consider  how  is  distorted  differential  field  component  in  the 
aperture  of  main  mirror,  let  us  compare  the  values  of  the 
slope /transconductance  of  the  direction-finding  characteristic  of 
antenna,  which  correspond  to  tne  calculations  of  field  in  the 
aperture  according  to  the  geometric  optic/optics  and  taking  into 
account  the  diffraction  paenomena  in  the  Presnel  zone  of 
counter-reflector.  Then  will  he  given  the  values  of 
slope/transconductance  3  aad  products  ]  xS.  (*—  the  stalks  of 
antenna  on  the  total  channel) ,  wnich  can  be  achieved/reached  in  the 
classical  two-airror  antenna,  and  also  due  to  the  correction  of  the 
surface  of  counter-reflector. 


DOC 


80134008 


PAGE  £3*/ 


Page  113. 

Let  us  suppose  how  in  work  [  1 J,  that  differential  fiald 
component  in  the  aperture  of  irradiator  takes  the  fora: 

Hn,  ip,  9')  —  ,4(p,  <p')ex ; 

£o(p.  q>')  =  ZoA  (p,  <f')ey,  (1) 

where 

A  (p)  =  5(1  —  q p1)  p e~lv?'  sin  9 

p  =  p'  b.  0  <  p  <  1; 

2b  -  diameter  of  irradiator; 

P1,**  -  coordinate  cf  point  in  its  aperture; 

Z0  -  impedance  in  the  aperture  of  irradiator; 

B,g,r  “  parameters  of  amplitude- phase  field  distribution  (1). 

Considering  as  the  given  one  power  P±  in  the  differential 
channel  of  antenna,  let  us  determine  amplitude  B: 

B.j-l/H  S - , 

b  l  .-t  Z„  (6  —  8? -f  3?*) 

As  in  work  [1],  it  is  possible  to  determine  field  in  the  aperture  of 
the  main  mirror; 

£  ( r .  9)  =  Ex  (r,  <p)  -  Ey  (r,  9)  7y.  (2> 
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corresponding  to  distribution  (1).  According  to  the  values  of  field 
(2)  it  is  not  difficult  to  compute  slope/transconductance  S  of  the 
differential  diagram  of  the  antenna: 


tin  a 


=  *  57  If  J  .('•  f)  e_'*s,n<>cos  ‘-*rdrdv  j 


(3> 


i0  a 


^*0 


where  d=2aK—  diameter  of  counter-reflector; 


D=2a  -  diameter  of  main  mirror; 


k=2»r/\. 


Subsequently  we  will  examine  slope/transconductance  S.., 
corresponding  to  the  fundamental  component  of  field  in  the  plane 
t  =  n/2-  Values  [Sa]v_„/2  we  will  normalize  to  value 

-  to  the  maximum  slope /transconductance  of  circular  aperture  [2], 
which  radiates  the  same  power  as  the  antenna  in  question.  Let 

us  designate 

V  =  Sy,Smax.  i  5) 

Expanded/scanned  field  expression  (2)  takes  the  sufficiently  bulky 
form  and  therefore  it  is  not  brought.  Value  E(r,#)  is  expressed  as 
the  same  special  functions,  as  field  in  the  aperture  of  two-mirror 
antenna  with  total  type  diagram  isee  [1]). 
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Like  the  characteristics  of  total  diagram,  tha 
slope/transconductance  of  the  differential  radiation  pattern  of  the 
two-mirror  antenna,  made  on  tae  classical  diagram,  as  a  rasult  of  the 
diffraction  distortions  cf  field  in  tha  Fresnel  zone  of 
counter-reflector  differ  significantly  froa  slope/transconductance, 
which  gives  calculation  of  field  in  the  aperture  according  to  the 
geometric  optic/optics.  In  order  to  be  convinced  of  this,  let  us  turn 
to  the  results  of  calculating  tha  values  Ev(r' ’  <pj  with  tf  =  n/2  and  v 
for  the  concrete/specific/actual  two-mirror  antenna  with  the 
parameters:  D=54X,  f=0.4D  lhara  and  subsequently  we  will  consider 
that  the  irradiator  is  focused  to  the  apex/vertex  of 
counter-reflector  and  2fl—d  i  1  ]J  . 

Page  114. 

Fig.  1  gives  tha  standar dizad/noraalized  values  of  the 
slope/transconductance  of  the  differential  radiation  pattern  of  the 
antenna  in  question,  calculated  depending  on  power  level  52  on  the 
edge  of  counter- ref lector  at  different  values  of  d/D.  Froa  Fig.  1  it 
follows  that  slope/transconductance  v  reaches  maximum  value  v“'m«*a»0,62 
when  £*«0,3  and  d=d.2D.  If  we  in  formula  (3)  supply 
instead  of  Ev(r.<f)  appropriate  geometric  field  distribution,  it  will 
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sees  that  in  this  case  when  6*=»0,3  and  d=0.2D  v=v*0.88  Thus, 

due  to  the  distortions  of  field  in  the  near  zone  of  counter-reflector 
the  real  value  of  the  slope/transconductance  of  the  antenna  in 
question  is  approzimately/exemplarily  to  30o/o  lover  than  value 
v  =  vmaj..  gne  should  note  also  tnat  value  d=0,2Dt,  which  corresponds 
v — Vmaii  somewhat  more  than  value  d~~0.16D,  with  which  the  antenna  in 
question  has  maximum  of  stalks  along  total  channel  [ 1 J. 

In  order  to  clarify  tne  reason  for  the  disagreement  between 
V=V|MI  and  v  =  v'.  let  us  turn  to  the  results  of  calculating  field 
distribution  £v(r,«r/2)  into  the  aperturs  of  the  antenna  in 
question.  Pig.  2  gives  values  \Evir,  n/2)  j  (Pig.  2a)  and  arg£„(/,  ji/2)  (Pig. 
2b, d,  curves  2),  appropriate  v=vm<Xi.  £n  the  same  figure  for  the 
comparison  are  given  gecmetrooptical  values  \E'y  (r,  n/2)\  (curve  1). 
Comparing  curves  1  and  2,  it  is  not  difficult  to  comprehend  the 
reason  for  the  disagreement  between  values  ''  and  v^.  it  is  caused 
by  the  strong  amplit ude- phase  distortions  of  field  in  the  aperture. 

In  particular,  because  the  mirror  is  located  in  the  Fresnel  zone  of 
countec-reflector,  almost  for  all  points  in  his  aperture  occurs 
inequality  .t/2)  |  <  As  in  the  case  of  the  diagram  of  total 

type  (1],  distortion  of  field  it  is  not  possible  to  substantially 
decrease  by  the  corresponding  tuning  of  irradiator  or  due  to  its 


displacements/movements.  However,  calculation  they  show  that  value 
v  can  be  increased  with  the  help  of  the  correction  of  the  surface 
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of  counter-ref lactor  similarly  as  is  done  in  in  tha  case  of 
two-mirror  antenna  with  tne  tonal  radiation  pattern  [1].  If  we  in  the 
antenna  in  question  due  to  the  identification  of  parameter  q  in  field 
distribution  (1)  or  diameter  of  irradiator  2b  irradiate  the  edge  of 
counter-reflector  in  the  plane  *=»/2  by  power  with  level  {**0.1.  and 
then  to  increase  the  angle  of  irradiation  20o,  which  ensures 
counter-reflector  (i.e.  to  decrease  its  eccentricity), 
slcpe/transconductance  v  will  first  grow,  reaching  maximum,  and 
then  as  a  result  of  of  the  increasing  "overflow"  of  energy  of  tha 
field  through  the  edge  of  antenna  aperture  it  will  begin  to  fall. 
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depending  on  angle  90  witn  different  d/D,  represented  in  Fig.  3.  The 
examination  of  the  curves  Fig.  3  snows  that  while  conducting  of  the 
correction  of  the  surface  of  ayperoolic  countar-reflector  indicated 
value  v  reaches  maximum  v  =  vfl=0.69  with  d~~0.2D  and  29o=160°, 
whereas  the  angle  of  the  irradiation  of  mirror  with  f/D=0.4  is  equal 
to  123°.  Thus,  the  correction  conducted  makes  it  possibla  to  raise 
value  v  from  v  =vmax=0,62  to  v=v0=O.69=  !.17vmar.  Pield  distribution  in 
the  aperture,  which  corresponds  to  the  corrected  counter-reflector, 
it  is  shown  in  Fig.  2a  and  b  {curves  3)  . 

If  antenna  forms/shapes  sua-aad-dif ference  type  diagram,  its 
fundamental  parameter  is  product  or  Y~v.S  [x  —  stalks  along 

the  total  channel  in  equisignal  direction,  3  -  slope/transconductance 
in  the  zone  of  equisignal  airection  (BSN),  since  the  measuring  error 
of  angles  with  the  excess  or  cue  useful  signal  above  the  noise  is 
inversely  proportional  to  value  yS  or  ,  “5  (see  [3]).  Since  the 
parameters  of  corrected  counter-reflectors,  which  ensure  maximums 

x  and  v.  differ,  it  is  expedient  to  find  values  a/D  and  90,  with 
which  are  maximum  products  *v  and  V  xv  Calculation  shows  that  for 
the  antenna  in  question  aaxiaum  value  xv =0.375  is  reached  at 

d=0.13D  and  by  290=160°.  In  tnis  case  x  =  0.5o,  aand  v  =  0.68  The 

maximum  of  product  |  ”v_05  taxes  the  pace  with  d= (  0.  15- 0. 20 )  for 

D  and  29o  =  150°.  In  this  case  x  =  o.  54-0.  55  and  v=0.  67-0.  68.  In 

connection  with  the  given  results  it  should  be  noted  that  in  ti»e 
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two-mirror  antenna  with  D=54X,  f/D=0.4  carried  out  on  the  classical 
diagram,  maximum  values  xv  and  l  xv  coipose  with  respect  0.3  and 
0.  44. 


In  conclusion  let  us  presant  maxiaua  values  v,  xv  and  V vs, 
which  can  be  achieved/reached  due  to  the  correction  of  the  surface  of 
counter-reflector  at  different  D/X  and  f/D,  and  also  the  parameters 
of  the  corrected  counter-reflectors. 

Pig.  4a  and  b  gives  aaxiaua  values  v.  xv.  Vvs.  calculated  in  the 
dependence  on  D/X.  Unbroken  curves  correspond  to  the  focal  length  of 
f=0 . 3  D,  and  broken  f/D  =  Q.8.  Curves  1  in  Fig.  4a  correspond  to  the 
aaxiaua  values  of  slope/transconductance  v=\  .  while  curves  2  -  to 
values  v.  which  occur  witn  aaxiaua  values  j  ~v  and  xv.  The 
maxiaua  values  of  products  V  xv  and  xv  are  given  in  Pig.  4b  (curves 
1  they  correspond  to  aaxiaua  V  xv.  carves  2  -  aaxiaua  xv). 

Page  117. 

The  examination  of  Fig.  4  shows  that  for  obtaining  the  maximum 
values  v.  1  xv  and  xv  tc  more  prefarably  use  short-focus  twc-mirror 
antennas.  For  example,  with  D=(50-400)X  and  f=0.3D  maxiaua  product 
V  xv  on  (10-5)  o/o  is  acre  than  with  f/D=0.8,  and  xv—  is  more  on 


(13-9)  o/o.  In  connection  witn  this  it  must  be  noted  that  from  the 
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point  of  view  of  tha  realization  of  tha  maximum  of  stalks  the 
short-focus  antennas  and  long-focus  in  practice  do  not  differ. 

Tha  parameters  of  the  corrected  counter-reflector,  in  which 
values  v,  )  xv.  xv  are  maximum,  given  in  Pig.  5a  and  b  (at  o;-. 
maximums  v,  \  xv  and  xv  reacn  virtually  at  the  identical  values  of 
d/D,  and  maximuras  I  xv  and  xv  also,  at  the  identical  values  90)  . 
Solid  lines  in  Fig.  5a  correspond  f/D=0.3,  and  broken  -  f/D=0.3. 

Curve  1  in  Fig.  5b  corresponds  to  maximum  slope/transconductance, 
v  =  while  curve  2  -  to  maximum  products  V  xv  and  xv  The  values 
of  angle  0O,  given  in  Pig.  5n,  virtually  do  not  depend  on  D/X. 

Tha  results  of  calculation,  represented  in  Fig.  4  and  5,  relate 
to  the  counter-ref lector  ox  hyperbolic  fora.  However,  tha 
calculations  conducted  showed  that  the  analogous  values  of  values 
v,  V xv,  xv  can  be  obtained,  if  we  use  counter-reflectors  of  parabolic 
and  spherical  fora,  after  salacting  their  such  that  the  surface  of 
paraboloid  or  sphere  least  would  deviate  from  the  surface  of  the 
hyperbolic  counter-reflector  wnose  parameters  were  given  in  Pig.  5. 

The  calculations  conducted  showed  also  that  even  in  the  case  of 
the  idaalized  irradiator,  wnica  forms  the  apetalous 

sua-and-dif ference  diagram  of  table-shaped  fora,  it  is  impossible  to 
obtain  values  x,  \  xv  xv.  of  those  exceeding  the  values,  represented 


A 


in  Pig.  4  and  which  correspond  to  the  simplest  diagram  of  irradiator 
and  to  the  corrected  counter-ref lector. 
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Page  118. 

Therefore  results  of  calculation,  given  in  Fig.  4,  can  be 
considered  as  the  maximum  characteristics  of  the  two-mirror  antennas 
which  fora  radiation  patterns  of  sua-and -difference  type.  It  is  of 
interest  to  compare  these  cnaracteristics  of  two-mirror  antenna  with 
the  analogous  maximum  characteristics  which  can  be  obtained  with  the 

J.V-K 

help  of  the  antenna,  which  has  the  circular  aperture  (see  [  2  ]^[  4  ])  . 
Comparison  shows  that  witn  D=  (50-400)  X  the  given  characteristics  of 
two-mirror  antenna  are  inferior  to  absolute  maximum  values  on  the 
slope /tra nsconductance  on  (30-18)o/o  from  parameter  YUs  on  (37-20) 
o/o,  from  parameter  x5  on  (50-J7)o/o. 
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Page  119. 

Approximate  computation  of  the  surface  of  a  small  mirror  according  to 
the  strains  of  large  mirror  in  Cassegrain's  antenna. 

Introduction. 

A.  L.  Eizanberg,  L.  A.  Dozorets. 

Is  examined  the  approximate  geometric-optical  method  for 
calculation  of  the  surface  of  a  small  mirror  on  the  strains  of  large 
mirror,  the  new  surface  of  a  small  mirror  is  defined  as  the 
superposition  of  initial  surface  and  increments.  Problem  is  solved 
for  the  general  casa  of  aroitrary  ones,  including  of  asymmetric  ones, 
the  strains.  Taking  into  account  evenness  and  smallness  of  strains  in 
comparison  with  the  linear  dimensions  of  mirrors  are  obtained  simple 
analytical  expressions  for  Cassegrain's  antenna.  Calculations  shoved 
the  sufficiently  high  accuracy  of  method. 

As  is  known,  in  the  process  of  manufacture  and  operating  the 
large  two-mirror  antennas  the  surface  of  fundamental  (large)  mirror 
diffars  from  calculated,  whicn  leads  to  the  phase  errors  in  the 
opening.  One  of  the  possible  matnods  of  fight  with  them  -  the 
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correction  of  the  fora  of  auxiliary  (saall)  airror  [  1  ].  Logically 
appears  the  problea  of  calculating  the  nev  (deformed)  surface  of  a 
snail  airror  according  to  the  preliminarily  measured  or  calculated 
strains  of  large  mirror.  Tne  gecaetry  of  the  airrors  of  initial 
antenna  is  such,  that  for  their  calculation  it  is  possible  to  apply 
geometric-optical  methods.  In  the  case  of  steady  and  saall  (in 
comparison  with  ths  linear  dimensions  of  airrors)  strains  all 
parameters,  which  are  determining  the  applicability  of  geometric 
optic/optics,  vary  unessentially;  therefore  for  calculating  the 
deformed  systam  also  can  oe  used  geometric-optical  methods. 

For  using  the  known  methods  of  calculation  of  two-airror 
antennas  (for  axample,  the  aetaod  of  wave  fronts  [2])  it  is  necessary 
to  determine  the  first  new  surface  of  large  airror.  In  practice  the 
strains  are  assigned  at  discrete/digital  points,  in  this  case  it 
comes  not  only  the  coordinate  of  tha  points  of  the  deformed  airror, 
but  also  the  vector  of  standard  in  them.  In  general  calculation  is 
labor-consuming  operation,  since  it  is  necessary  to  solve  the 
substantially  three-dimensional  problem  (change  in  each  of  the 
coordinates  of  a  small  mirror  is  determined  by  a  change  in  three 
coordinates  of  large  airror) . 


Page  1 £9 
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Furthermore,  the  orientation  of  standard  must  be  determined  with 
the  high  degree  cf  accuracy,  since  in  the  process  of  computations  it 
is  necessary  to  us9  with  the  large  lengths  of  optical  paths  and  even 
small  angular  errors  will  involve  the  considerable  errors  in  the 
determination  of  the  surface  of  a  small  mirror.  However,  the  problem 
of  restoring  the  derivatives  witn  respect  to  the  discrete/digital 
values  incorrectly  set,  and  usual  methods  of  numerical 
differentiation  (for  example,  differentiation  of  the  interpolation  of 
Lagrange  polynomial)  can  lead  tc  tne  strongly  distorted  results,  host 
precise  (method  of  the  regularization  of  A.  H.  Tikhonov)  is  very 
complex  and  labor-consuming,  since  it  is  necessary  to  solve  the 
integral  equations  of  Fredholm  of  the  first  order  with  the  disruptive 
kernel.  Furthermore,  the  linear  dimensions,  with  which  they  use  in 
the  process  of  calculation,  are  great;  therefore  independent  of  the 
accuracy  of  the  determination  of  standard  a  relative  error  in  the 
computations  must  be  small. 


In  this  work  is  posed  the  proolem  -  using  evenness  and  smallness 
of  strains  to  obtain  simple  analytical  expressions  for  calculating 
the  corrective  surface  of  a  small  mirror.  The  essence  of  method 
consists  of  the  following.  During  the  first  stage  by  the  values  of 
strains  and  their  derivatives  on  the  large  mirror  are  determined  the 
shifts  of  the  points  of  a  small  mirror  and  the  rotation  of  standard 
in  them.  The  deformed  surface  is  considered  then  as  the  sum  of  the 
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initial  and  of  the  obtained  increments.  In  this  case  it  is  not 
raquirad  for  the  high  accuracy  cf  computations,  but  result  is  weakly 
critical  to  the  errors  fcr  numerical  differentiation. 

Tha  method  in  question  maxes  it  possible  to  find  the  coordinates 
of  points  and  the  orientation  of  tae  standards  of  the  deformed  small 
mirror  it  is  direct  over  tha  strains  of  large  mirror  and  known 
initial  surfaces  of  both  mirrors.  In  the  work  are  obtained  the 
expressions  in  connection  vita  one  of  the  most  widely  used  types  of 
two-mirror  systems  -  Cassegrain's  antenna. 

DETERMINATION  OF  THE  STRAINS  OF  A  SHALL  MIRROR. 

Let  us  introduce  into  the  examination  spherical  and  rectangular 
coordinate  systems  (Fig.  1).  lae  strains  of  mirrors  we  will  count  off 
on  the  normals  to  the  initial  surfaces,  moreover  for  the  positive 
ones  let  us  taka  saggings/deflections  inside.  Then  the  equation  of 

the  deformed  lame  airxcr  is  recorded  in  the  form 

*<5  =/tS’- f  $)COS-f 

*  z 

=  [  V  tg  ~  —  An  (<p;  ip)  Sin  -2-j  cos  ip  ,  (1) 

^  =  J V  tg  —  An  (f ;  *)  Sin  j  sin  vp 

where  f  -  focal  length  of  initial  paraboloid  Aff(<p,  ip)  —  the 


instantaneous  value  of  the  strains  of  the  surface  of  large  mirror 
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Page  121. 

We  approximate  the  surfaca  of  the  deformed  large  mirror  in  the 
vicinities  of  the  arbitrary  point  0Q  by  paraboloid  of  revolution  with 
the  axis,  parallel  to  axis  x  (Pig.  2) .  The  equation  of  the  latter  in 
general  takes  the  fora 

$  (x,  y,  z)  =  4 F(x  — A)  ~ 

~(y-8)'-(z-C)*  =  o,  -  (2.) 

where  P  -  focal  Length  of  tne  approximating  paraboloid;  A,3,C  - 
coordinate  of  apex/vertex. 

Let  us  require  so  that  both  surfaces  would  have 
general/coaaon/total  standard  at  point  Of  Then  from  the  condition  of 
the  proportionality  of  direction  numbers  we  obtain 

d<V  ix.  1 /,  z)  d<D(x,  y,  :) 

dx _ dy 

L  M  = 

d<Dlx,  y .  z) 


where  direction  nuabers  noraals  to  paraboloid  (2)  : 

™S*zJL  £)  =  Af  aa>(xj/,  :)  =2(B-y) d---  »■-»?  =2 (C-*k 

dx  dy  dz 


direction  numbers  normals  to  deformed  large  mirror  (1): 
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Key:  (1).  Initial  paraboloid.  (2)  .  Approximating  hyperboloid.  (3) 
Initial  paraboloid.  (4).  Approximating  hyperboloid. 

Page  122. 

The  front  of  the  Have,  reflected  from  the  approximating 
paraboloid,  will  be  sphere  witn  the  center  at  point  A+-P;  3;C.  To 
transform  it  into  the  spherical  front  with  the  center  in  the 
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irradiator  can  the  hyperboloid  uao sa  foci  coincide  with  irradiator 
and  focus  of  the  approxiaatmg  paraboloid.  The  equation  of  this 
hyperboloid  takes  the  fora 

\  \j  —  2c  —  vll  +  i/*  —  ts  —  1  iF  —  A  —  x  1*  —  (y  —  B)"  ic  —  C)2  = 

=  2o«.  (4) 

vhera  2c  -  distance  between  tae  foci  of  initial  hyperboloid;  2a.,— 
real  axis  of  new  hyperboloid. 

From  the  condition  of  equality  the  lengths  of  optical  paths 
along  any  rays/beaas  froa  taa  opening  to  the  eaitter  in  the  initial 
and  deformed  systems  it  is  possible  to  obtain  (Fig.  2): 

2a„  =  V  (f  —  2c  —  —  B*  —  (?  —  F  —  A  —  (5) 

where 

•to*  -  43*  -  ?a3  -  4 fa  -  4/3  -  4c/  -  4c»  —  B'-  —C-  _ 


2a  -  real  axis  of  initial  hyperboloid. 

It  is  obvious  that  at  certain  point,  which  corresponds  to  point 
3,  (conformity  is  determined  on  taa  optical  course  of  ray  in  the 
deformed  system),  the  deformed  small  mirror  and  hyperboloid  (4)  they 
coincide  and  have  general/coaaon/total  standard.  Taking  into  account 
smallness  and  evenness  of  strains,  it  can  be  assumed  that  point  H x , 
which  lies  on  the  intersection  of  hyperboloid  (4)  it  is  normal  to 
initial  small  mirror  at  point  40  (to  corresponding  point  U0  of  large 
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airror  in  the  cafecence  system) ;  it  also  belongs  to  the  deformed 

small  airror  and,  therefore, 

1  (xw  -f  Ar  cost]  —  f  4-  2c)1  +  (y0r  —  Ar  sin  h  cos \j;)*  — 

+  (2or  —  Arsin  g  sin  if)*  —  ]  (-W  —  F  —  .4  +  Arcost|  —  f  +  2 c)’  -r 
—  (y„r  —  B  —  Ar  sin  g  cos  tp)1  -f  (z^  —  C  —  Ar  sin  g  sin  rf)’  =  2 la.,  (6) 

where  *or  =  /  —  p-  cos  <p.  y0r  =  pr  sin  q>  cos  <p,  z0r  =p.  sin  <p  sin  —  coordinates  of  point  X 

p 

of  initial  airror;  P r  =  - — - radius- vector  from  point  f;0;0, 

i  —  6  COS  <J- 

the  describing  initial  paraboloid; 

p  =  iz£*  _  focal  parameter  of  hyperboloid; 

a 

s  =  — - eccentricity  of  nyperboloid; 

(J 

g  =  arctg — - angle,  foraad  normally  at  point  s0  of  initial 

t  —  cos  <p 

hyperboloid  with  x  axis; 

=  WJ&\—  strain  of  a  small  mirror. 

Page  123. 

\s  can  be  seen  from  (3)  and  (o)  ,  strains  of  a  small  mirror  are 
the  function  of  value  and  particular  derived  strains  of  large  airror 
of  the  angles  *  and  t  spherical  coordinates.  Let  us  expand  Ar  in 
flaclaurin  series  and,  taxing  into  account  smallness  and  evenness  of 
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strains,  we  will  be  bounded  by  taa  members  of  the  second  order.  After 
the  appropriate  conversions  from  (o)  ,  taking  into  account  (3)  and 
(5),  we  will  obtain  expression  for  the  strains  of  a  small  mirror  in 
the  fora 


0 

-  Pr  f  ! 

1°  An\= 

*-»r  Jn 

cos  I  q  —  t)} 

COS  <9  —  T]) 

is  —  1 1  sin  (f  ,  6  Sn 

1  ] 

2-’  Pr 

P  cos  iqp  —  t))  dq 

o  «  <P 

\  t'lf 

_.sm-  —  cos  19  —  pj 

9 

2’.g-  (<f  —  r)>  «s-  —  1 1  —  *•'  cos  <r  l 

9  2 

sin  tp  tg  ! <p  —  r|i  —  sin-  — - - - - 

_ -  _ s-  -f  2icos  q  —  i _ 

4pr  COS  (<p  —  ri) 


DETERMINATION  OF  THE  SURFACE  OF  A  SMALL  MIRROR. 

Equations  of  the  surface  of  tae  deformed  small  mirror  it  is 
possible  to  record  in  the  fora: 

=  /  —  Pr  COS  f  —  dr  COS  T),  ] 

yH  =  (PrSincp  —  Arsinr])cos^.  /  .  (8) 

z*  as  (prsincp  —  Arsini|)sin^  j 


As  noted  above  in  practice  of  the  strain  of  large  mirror  they 


were  assigned  discretely,  tnecefore,  expression  (8)  mases  it  possible 
to  determine  the  coordinates  only  of  the  isolated  points  of  the 
deformed  small  mirror.  However,  for  obtaining  the  surface  of  small 
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mirror  it  is  necessary  to  uatarmine  at  these  points  also  of  standard. 

Page  124. 

Being  guided  cosines  tc  surface  (8) : 

*-  ,  Q 
v  q*  t  s*  +  r* 

m  ~  V  Q*  —  '  (9) 

-r 

,  n  =  — - ■  — 

where  \  q»  _  s1-^ 


dum 

d?H 

fey 

dxu 

dx„ 

<3  J4* 

d  if 

!  d(* 

O  —  j 

d  if 

;  T  = 

d  cp 

d  i 

it5- 

o?u 

I  ££m. 

OXH 

°y >. 

i  ^  <p 

d  tp 

1  d<p 

dq 

d  tp 

| 

it  is  determined  from 

(«)  • 

As  can  be  seen  from  (6)  and  (d)  f  total  differential  of  the 
guides  of  cosinos  m,  n,  l  is  the  function  of  the  amount  of  the 
particular  derived  strains  of  large  mirror.  The  rotation  of  standard 
is  conveniently  counted  off  from  tne  radial  plane,  passing  through 
point  W0 .  aithout  the  limitation  of  generality  it  is  possible  to 
consider  that  this  plane  coincides  with  plane  Z=0.  It  differentiated 

(8)  in  terms  of  variable/alter nating  Ac.  — -  ,  — -  ,  after  some 

dq  <hp 

conversions  we  will  obtain  increments  in  the  guides  of  the  cosines  of 
the  deformed  small  mirror  at  point  a,  in  comparison  with  the 
direction  cosines  of  standard  at  point  W0  of  the  initial  hyperboloid: 
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^6% 


M  = 


9 

sin  r|  cos  — 


Pr 


,'d  A.A _ sin  p _ 

■dip/  P(e’  —  2*  cos  9  —  1) 


jeJ  sin  -j-  ^  l  -r~-  cos  9  j  —  e2  cos  9  sin  —  e  ^cos  -2-  sin3  9  -f- 

3  (T  ■.  CE  I  <r  7  . 

- - cos  <p  sin  — - sin*  9  cos  -3 -  j - sin  -2-  A„; 


COS 


9 


A  m  —  A  i  ctg  n;  A  n  = 


d  An 


P  sin  n  d  9 

Thus  the  methodology  of  tne  determination  of  the  new  surface  of 
a  small  mirror  consists  c£  tne  following: 


1.  on  assigned  strains  A„  of  large  mirror  at  discrate/digital 

points  by  the  methods  of  numerical  dif f a rantiation  are  determined 

.  .  .  -  •  dAn  , 

partial  derivatives  — —  and  — - 

r  A9 

2.  On  known  values  and  derivatives  of  strains  of  large  mirror  is 
determined  shifts  of  points  ox  small  mirror,  which  correspond  to 
points  of  lacge  mirror  in  waica  are  assigned  strains. 


}.  With  respect  to  Known  to  guide  cosines  of  normals  to  initial 
surface  and  their  change  are  datarminad  guides  cosines  of  normals  to 
new  small  mirror. 


Pindings  it  is  sufficient  for  the  construction  of  the  surface  of 


V 
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new  small  mirror. 

Page  125. 

NUMERICAL  CHECKING  OP  THE  OHTAlNED  FORMULAS. 

Por  checking  the  accuracy  of  the  brought-out  formulas  was 
carried  out  the  saries/row  of  numerical  calculations.  W as  examined 
the  case  of  axisynmetric  guadratic  strains.  In  this  case  the  radial 
sections  of  large  airror  are  the  parabola  whose  focal  length  is 
excellant  from  the  nominal,  and  the  radial  sections  of  a  small  mirror 
-  hyperbola  whose  foci  coincide  «ith  the  focus  of  new  parabola  and 
the  irradiator,  the  apex/v6rtex  of  hyparbola  coincides  with  the 
nominal. 

As  an  example  were  carried  out  tha  calculations  for  the  antenna 

with  a  diameter  Da=30  m  with  t ae  following  initial  geometric 

f 

parameters:  d6  =0  *  3  33;  the  angle  of  the  irradiation  of  paraboloid 

2<p0='i47°,5;  the  angle  of  the  irradiation  of  hyperboloid  of  2p0=56°; 
the  diameter  of  small  mirror  d„=0,15. 


Pig.  3  depicts  the  curves  of  the  dependence  of  strains  and 
maximum  error  6Ar  (error  it  is  reduced  from  the  maximum  on  the  edge 
of  mirror  to  the  zero  on  tne  axis  antenna)  in  the  function  of  strains 


DOC 


30134008 


•  ^ 


PAGE 


Jrr 

S. 


UO 


on  the  edge  of  large  airror.  From  the  graphs  indicated  it  is  evident 
that  at  low  values  ^n'  the  error  is  small.  Thus,  for  instance,  with 
A0  =  — 30  aa  Mr=0,0o  aa.  Is  at  the  saae  time  evident  a  rapid 

increase  in  the  error  witn  an  increase  in  the  strains.  Thus,  with  an 
increase  in  the  strains  from  *30  to  *60  mm  error  grows  from  0.11  to 
0.  58  aa. 


v 

\ 

A 
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Fig.  3. 


Kay:  (1).  Errors  for  commutations.  (2).  Strains  of  small  mirror. 


Page  126. 


For  the  casa  of  asymmetric  strains  were  produced  comparative 
calculations  by  the  method  proposed  and  the  method  of  wave  fronts. 
The  graph  of  strains  fcr  one  of  the  radial  sections  is  given  in  Fig. 
4.  From  the  curves  indicated  it  is  evident  that  data  of  both  methods 


coincide  well. 
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CONCLUSION. 

In  this  work  is  examined  the  approximate  geometric-optical 
method  of  calculation  cf  the  corrected  surface  of  a  small  mirror 
according  to  the  assigned  initial  surfaces  of  mirrors  and  the  strains 
of  large  mirror  for  Cassegrain's  antenna.  Examination  is  based  on 
smallness  and  evenness  of  strains.  Problem  is  solved  for  the  case  of 
arbitrary  asymmetric  strains. 

The  shift  of  certain  point  of  a  small  mirror  and  the  rotation  of 
standard  in  it  are  determined  on  snift  and  rotation  of  the  standard 
of  the  corresponding  point  of  large  mirror.  The  unknown  values  are 
obtained  in  the  form  of  uaciaurin  series  for  functioning  three 
variable/alternating:  the  shift  of  point  of  large  mirror  and  partial 
derivatives  of  shift  cf  the  angles  *  and  spherical  coordinates.  The 
numerical  calculations,  carried  out  for  the  cases  of  asymmetric  and 
axisymmetric  strains,  they  snowed  the  sufficiently  high  accuracy  of 
method. 

The  calculation  method  proposed  can  be  used  both  for  the  antenna 


of  Cassegrain  and  for  ether  types  of  two-mirror  antennas 
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THE  PHASE  CENTER  OF  HORN  RADIATORS . 

V.  G.  Yaapol '  sitiy . 

Ia  the  article  is  examined  tae  procedure  of  calculatioa  of  the 
phase  responses  of  the  directivity  of  horn  antennae.  By  the  expansion 
of  radiation  patterns  in  the  exponential  series/row  obtained  simple 
formulas  for  determining  the  phase  center. 

Horn  antennae  and  their  modifications  are  used  extensively  in 
the  technology  SVCh  both  as  the  independent  emitters  and  as  the 
irradiators  of  optical-type  antennas.  Wide  distribution  received 
conical  and  pyramidal  horn  radiators.  Conical  horn  antennae  possess 
low  side-lobe  level,  and  their  use  provides  usually  satisfactory 
results  [1],  [2].  Recently  propagation  received  conical  horn  antennae 
with  the  axisymraetric  radiation  patterns.  The  axial  symmetry  of 
diagrams  is  provided  usually  by  the  execution  of  the  internal  cavity 
of  horns  in  the  form  of  impedance  surface  with  the  high 
resistor/resistance.  Such  irradiators  provide  an  increase  in  the 
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coefficient  of  the  use  of  optical-type  antennas  and  a  decrease  in  the 
noise  temperature.  Pyramidal  aorn  antennae  are  characterized  by  the 
satisfactory  directed  properties  and  ease  of  fabrication. 

As  is  known,  for  obtaining  the  maximum  efficiency  of  antenna  the 
phase  center  of  irradiator  must  be  combined  with  tne  focus  of  antenna 
system,  optimum  the  position  of  irradiator  is  realized  experimentally 
-  either  by  determining  its  phase  diagrams  or  by  the  immediate 
determination  of  the  dependence  of  the  antenna  gain  on  the  position 
of  irradiator  on  the  focal  axis.  Tnis  method  of  determining  the 
position  of  irradiator  is  very  labor-consuming  and  does  not  make  it 
possible  to  determine  the  magnitude  of  losses  of  antenna  gain  due  to 
the  residual/remanent  noncophasity  of  field  distribution  in  antenna 
aperture,  caused  by  the  nonpointlixe  nature  of  phase  center. 

For  many  modi f icaticas  of  horn  antennae  the  task  of  determining 
the  phase  center  can  be  solved  analytically1. 

POQTMOTE  l.  Mocks  [7],  examine  the  solution  of  this  problem  for 

some  special  cases.  ENDFCOTNOTfi. 

This  solution  will  make  it  possible  to  manage  without  labor-consuming 
and  not  very  precise  experiments,  or  to  determine  the  "dif fuseness" 
of  phase  center  and  connected  with  this  decrease  of  amplification 
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Page  123. 


The  antenna  radiaticn  pattern  with  the  circular  opening  at  a 
distance  of  R  from  its  aperture,  as  is  known,  it  is  deterained  by 
ex  prassion  [  1  ],  [  3  ]: 


I  in 


F  (9)  =  j  j  £  (r,  <p)  e 


■ikr9  —  iaarsinQcos  (<p— <p') 


rdrd  cp, 


o  o 


(I  i 


whera  9  -  current  angle;  E(r,  -  the  field  distribution  in  antenna 
apertura;  -  angle  between  plane  of  reference  (*=0)  and  plane,  in 
which  is  deterained  the  radiaticn  pattern;  k  -  phase  coefficient, 
deterained  by  its  own  masphasing  of  horn  and  by  aisphasing,  caused  by 
the  fact  that  the  directed  properties  of  antenna  are  determined  in 
the  Fresnel  zone; 


a  -  radius  of  the  opening  of  aorn,  T  -  height  of  horn  (Fig.  1). 


After  decoaposing  exponential  factor  e~‘ •  a*  <*-*')  j_n  the 
exponential  series/row,  we  will  obtain 

F  (9)  =  yj  (—  laasine)  j*  ;  £  ^  ^ycosn  ((p  _  ^  ^  drd  if. 

n=Q  0  0 

(3)  , 

Usually  field  distribution  E  (r,  ♦)  is  symmetrical  relative  to 
any  diameter  of  aperture.  In  taas  case  from  (3)  we  have 

F  (01  =  J<-  1)"  J  f  £(r.  <p)  cos*"  (ip- if  )e-'^  r2o'M  drd<f. 

ttmC  0  0 

(4) 
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After  designating  the  coefficients  of  expansion  (4)  in  teras  of 
sin  9  through  c*„,  we  will  ODtain 

f(0)  =  2c„sinM0.  (5) 

n*m 0 

Let  us  normalize  diagram  ?((9)  to  unity  in  the  direction  9=0  and, 
after  designating  —  =d2n(ho=il),  we  will  obtain 


F  (8)  =  V  di„  sin^O. 
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In  the  exponential  fora  tna  expression  for  the  radiation  pattern 
takes  the  fora 

F  (9)  =  e"”1  .  (7) 

where  coefficients  .42n  easily  are  calculated  through  coefficients  d2ll 

For  the  coefficients  with  saall  n  we  have: 

4j  =  di‘,  —  di - —  . 

2 

Coefficient  A2  in  (7)  detaraines  he  curvature  of  function  F(9) 
in  the  vicinity  of  direction  (3=0  (Fig.  1),  the  imaginary  part  of 
coefficient  A2  characterizing  the  curvature  of  the  phase  diagram  of 
antenna,  and  the  imaginary  pact  of  coefficient  A*  determines  the 
"d if f usaness"  of  the  phase  center  of  antenna. 
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Lat  us  connect  the  position  of  phase  center  with  the  value  of 

coefficient  la  Az.  Let  at  a  distance  of  R  from  the  aperture  of  horn 

the  phase  radiation  pattern  taice  the  fora 

®(8)  =  Im.4.9’.  ,a. 

(o) 

Tha  position  of  phase  center  let  us  designate  through  0  (Fig. 

1)  .  Then  distance  R'  from  point  0  to  sphere  CC  takes  the  fora 


=  Y  R1  —  x3  —  2x#cos0.  (9) 

If  distance  R,  at  w hicn  is  detarained  the  radiation  pattern,  is 

considerably  aore  than  x,  we  have 

R' =  R -r  x  cos  Q=R—x—  x-^- .  (10) 

From  condition  afl'-!-<D(0)  =const  *e  obtain  the  expression,  which  is 
determining  the  amount  of  the  saift  of  phase  center  relative  to  the 
aperture  of  horn,  in  the  form 


ax  =  2!m/?s.  U0 

If  distance  R  with  tne  amount  of  the  shift  of  the  phase  center 

x,  formula  for  determining  tne  latter  co ramensurably  takes  the  form 

„  _  2a  R  Im  A, 

a  R  — 2ta  A, 

Obtained  formulas  (11)  and  (12)  are  valid  only  for  the  case  whe 
la  A4=IbA*=...  =0.  The  presence  in  the  phase  diagram  of  the  terms  of 


the  expansion  of  higher  craer  leads  to  the  fact  that  phase  field 
distribution  is  noncophasai  during  any  selection  of  phase  center 
moreover  a  difference  in  the  real  phase  front  from  the  cophasal 


f 
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increases  with  tha  growth  y.  In  ether  words,  the  position  of  phase 
center  depends  on  angle  6. 

Page  130. 

Disregarding  terms  of  expansion  into  <D(0)  above  fourth,  we  will  obtain 

after  the  simple  conversions 

ax -2Imi4.fi  -0‘— *1  .  (13: 

L  Im3, 

Formula  (13)  makes  it  possible  to  determine  a  difference  in  the 
phase  diagram  from  the  ccpnasal  and  connected  with  this  decrease  of 
amplification  factor. 

Let  us  switch  over  to  the  computation  of  coefficients  A:n.  Let  us 
consider  first  the  case  of  the  uniform  excitation  of  opening,  i.e., 

£(2.  ipt  =  ! . 

In  this  case 

cu  =  2rt( —  l)"  f  e_l*r'  /■2n+!  dr.  (14) 

(2 n)!  J 
0 

Tha  integrals,  entering  in  (14),  are  calculated  in  an  explicit 


form.  Actually/really 
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m 


2 


2 


Hence  we  obtain  for  coefficients  of  IaA2  and  IaA4  expression 


Im  A2  =  — — -  (— - ctg  — )  ; 

8  1  k  2  1 

Im  .4,  =  \t*4L  -  l2L£>il  (±  _  ctg  ±)  . 

L  128  24  j  •  A  5  2 


(161 

(171 


Thus,  for  th9  case  cf  uniform  field  distribution  on  the  opening 
we  have  for  the  amount  of  tne  snift  of  phase  center  an  expression 

(aaS*  /  2  .  k  \  .. 

a  X!  =  -  - - ctg  —  .  (18) 

4  '  k  2  / 

If  the  determination  of  radiation  pattern  is  conducted  in  the 
remote  zone,  than  phase  coefficient  is  determined  only  by  its  own 
misphasing  of  horn  and  is  equal  to  k=«a/2T2. 


Por  this  case  we  have 


Page  131. 


(19) 


With  small  Ic  formula 


Analysis  shows  that 


(19)  takes  the  form 

_  k% 


(20) 


T  12 

formula  (19)  it  is  possible  to  use  during 


misphasings  of  wave  in  the  horn,  not  large  w.  During  the  large 
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misphasings  t ha  structure  of  tae  pnase  front  of  irradiator  in  the 
limits  of  major  lobe  proves  to  be  more  complicated,  and  with  its 
approximation  it  is  necessary  to  consider  the  terms  of  the  expansion 
of  higher  order.  In  this  case  of  phase  center  there  does  not  exist 
and  the  optimum  position  or  irradiator  must  be  determined  integrally. 


Large  interest  is  horn  radiators  with  the  axisymmetric  radiation 
pattern.  In  such  irradiators  field  distribution  in  the  aperture  is 
approximately  determined  by  the  eguality 

E(r,  q>)  =  1  —  r*.  (21) 

Coefficients  for  this  case  can  be  determined  according  to  the 
formula 

(22) 

where  is  determined  by  expression  (14). 


Let  us  give  the  resultant  expression  for  the  amount  of  the  shift 
of  phase  center  from  the  aperture  of  horn,  excited  by  field  according 


to  formula  (2  1),  in  the  form 


(23) 


i  -- 


/  2  h  \* 

lT-ctgT.) 

During  the  small  mispnasings 

x*_  _  k*_ 

T  18 


(24) 


Formula  (23)  it  is  possible  to  use  with  k<v-1.25v.  Pig.  2  gives 
the  dependence  of  shifts  Xj/T  and  xz/T  on  misphasing  k.  Dotted  line 
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depicted  the  results  of  calculations  according  to  approximate 
formulas  (20)  and  (24)  .  From  the  figure  one  can  see  that  with  an 
increase  in  the  aisphasmg  the  phase  center  of  horn  antenna  is 
displaced  from  the  plane  of  aperture  to  the  throat,  the  amount  of 
shift  in  the  case  of  uniform  field  distribution  in  the  aperture  1.5 
times  approxiaately/exeaplarily  exceeding  the  amount  of  shift  for  the 
horn,  excited  unevenly  [according  to  the  formula  (2  1)  ], 
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Fig.  2. 

Page  132. 

Thara  is  greatest  practical  interest  in  the  case  of  exciting  the 
horn  by  wave  Htl,  Field  distrioution  in  this  case  with  a  sufficient 
degree  of  accuracy  can  be  represented  by  expression  [1] 

£  (r,  <p)  =  l  —  (p  +  q  cos’  <p)  r\  (25) 

where  p-1/3,  q-2/3. 

For  this  case  coefficients  c2n  take  the  fora 

1  2* 

Ctn  -(—!)"  j  j  [  1  -  (P  4-  q  COS*  <p) /-«] C0S*"((p  -  tpy^'  drd  If.  (26) 

0  0 

Let  us  nota  that  in  plane  E  of  horn  antenna  angle  <p'=*/2,  and  in 
plane  H  l'=Q. 

Coefficients  c2n  it  is  possible  to  express  through  known 
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coeff  icients  c!" ,  those  determined  by  formula  (14) 


Then  we  have 


for  plane  H 


c2?  =  ~ — rc<i)_nC(i)  1. 

2  (2 !ft)!l  1  2n  ^2n+2i  V 


for  plane  E 


■iSLLilU  co>  .  f27) 

(2n  -f-  2)!!  2"+2*  u n 


tfE)  —  (2n  — 1)1!.  c<n  _  0)  i  j  f(2n  — 1)!!  g(1)  (28) 

2,1  (2n)lf  *  2n  "  (2n  -j-  2)!l  2“'rS  '  1 


Calculating  coefficients  C2n,  we  will  obtain  that  the  position  of 
the  phase  center  of  conical  horn  with  wave  Ht ,  is  determined  by 
formula  (11),  where 


for  plana  H 


Im  At  =  Im 


6A  1  A» 


♦  1  —  e~ '* 
+  3  A* 


(29) 


for  plane  E 


Im  At  =  Im 


e-<*  e-'*-l 

-2F-1-  A* 


(30) 
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During  the  small  aispnasiags  the  shift  of  phase  center  can  be 


determined: 
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in  plans  H 

^  =  1^4^-0.049^;  (31) 

in  plane  E 

T-  =  lT4^~ai04^-  (32) 

Pig.  3  gives  the  dependence  of  ths  amount  of  the  shift  of  the 
phase  canter  of  the  conical  horn,  excited  by  nave  Utu  in  two 
principal  planes.  Dotted  line  in  this  figure  gave  the  results  of 
calculation  according  to  approximate  formulas  (31)  and  (32).  Prom  the 
graphs  it  is  evident  that  witn  an  increase  in  the  misphasing  the 
speed  of  the  shift  of  phase  center  in  plane  E  more  than  twice  exceeds 
the  speed  of  shift  in  plane  H.  Therefore  the  equiphase  frontal 
surface  of  the  emitted  wave  has  different  curvatures  in  principal 
planes.  This  fact  inevitably  leads  to  misphasing  of  field  into  the 
aperture  of  the  antsnna  and  to  the  decrease  of  the  coefficient  of  its 
amplification. 

Por  the  pyramidal  norns,  excited  by  wave  H0l,  the  radiation 
patterns  in  principal  planes  taka  the  form: 

in  plane  E 

'  —  ids  «ln)— 

F(d)=  Je  dx;  (33) 

—I 

in  plane  H 
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J  ,  ,  -i'M  „  xsin* -I*** 

F  (8)  =  j  cos  1-^-  xj  e  dx,  (34) 

—i 

whera  2a  e  and  2a h  -  sizes/dimensions  of  aperture  in  planes  E  and  H 
respectively. 

In  this  case  the  integrals,  entaring  the  coefficients  of 
expansion  F(0)  in  terns  of  sin29  are  not  calculated  in  elenentary 
functions  [3].  For  obtaining  the  calculation  formulas  it  is  expedient 
to  use  the  methodology  of  tne  approximation  calculus  of  integrals, 
given  in  [4]  and  valid  vith  i<». 


» i 
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Final  formulas  for  tae  shift  of  the  phase  center  of  pyramidal 
horn  with  k<r  take  the  term: 


Xr  * 

~f~  =  45  k' cos  °' 28k  "  1  cos  0, 28£; 

V4  16 

-f-  =  J~k"‘ cos  0,22k  —  0.09]^  cos  0,22£. 


(35 1 
(36) 


Fig.  4  gives  the  dependence  or  the  amount  of  the  shift  of  the 
phase  canter  of  pyramidal  square  horn  in  main  planes.  From  the  figure 
one  can  see  that,  as  in  the  case  of  conical  horn,  the  speed  of  the 
shift  of  phase  center  in  plane  £  considerably  exceeds  the  speed  of 
shift  in  plane  H.  This  does  not  allow  without  the  acceptance  of  any 
further  measures  to  ensure  accurately  cophasal  field  distribution  in 
antenna  aperture. 
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In  conclusion  let  us  not*  mat  the  results  of  calculating  the 
location  of  phase  centers  were  compared  with  the  available  in  the 
literature  experimental  data  according  to  the  phase  diagrams  of 
conical  and  pyramidal  herns,  moreover  the  coincidence  of  results  was 
completely  satisfactory,  fig.  j  and  4  depict  as  points  the 
experimentally  specific  positions  of  the  phase  centers  of  horn  feed, 
partially  borrowed  from  [5]  and  £  b  J. 
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Page  135. 

DISPERSIVE  CHARACTERISTICS  OF  dULTITURN  CYLINDRICAL  HELICAL  ANTENNAS 
WITH  COUNTER  WINDING. 

0.  A.  Yurtsev. 

In  the  article  are  examined  normal  waves  in  the  aultiturn  spiral 
with  the  contrary  co il/ winding.  Is  derived  and  is  analyzed  dispersion 
equation,  it  shows  that  during  the  excitation  of  the  first  normal 
wave  the  band  coverage  or  nelical  antenna  increases  proportional  to  a 
number  of  approaches. 

Introduction . 

In  works  [1-2]  it  is  snown  taat  the  cylindrical  multiturn 
halical  antenna  with  the  one-sided  coil/winding  (Pig.  1),  excited  in 
the  mode/conditions  of  the  first  normal  wave  (amplitudes  of  the 
currents,  which  excite  approacnes,  are  identical,  phases  in  the 
adjacent  approaches  differ  to  value  2ir/N,  where  M  -  number  of 
approaches),  it  has  axial  directional  characteristic  and  polarization 
in  the  direction  of  axis,  close  to  the  circular,  in  the  range  of 
frequencies  with  the  coefficient  of  overlap  Ku  =  M~i  In  work  [2]  it  is 


fi 
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ex  per iaentall y  shown  that  tne  same  range  property  -  possesses  the 
aultiturn  helical  antenna  vita  tne  contrary  coil/winding.  In  contr 
to  the  spiral  with  the  one-sided  coil/winding,  this  antenna  depend 
on  the  method  of  excitation  has  a  polarization  close  to  circular 
(right  or  left),  or  linear,  Tneoreticall y  this  antenna  in  aentione 
work  [2]  was  not  examined. 

In  this  article  on  basis  of  the  properties  of  symmetry  is 
derived  and  is  analyzed  dispersion  equation,  are  determined  the 
frequency  boundaries  of  tne  region  of  the  existence  of  different 
transmission  modes.  On  the  basis  of  this  are  drawn  a  conclusion  ab< 
the  band  coverage  of  multiturn  nelical  antenna  vita  the  contrary 
coil/winding. 


AD~A090  523  FOREIGN  TECHNOLOGY  DIV  KRIGHT-PATTERSON  AFB  OH 
ANTENNAS. <U) 
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Symmetry  of  system,  transmission  modes. 

Lat  us  consider  the  system  of  waves  in  the  multiturn  regular 
spiral  with  the  contrary  coil/winding,  formed  by  the  ideally 
conducting  tapes  with  tne  rectangular  form  of  cross  section.  Let  us 
take  tha  following  designations:  8  -  number  of  approaches,  wound  up 
in  one  direction;  2a,  S,  a  -  mean  radius,  step/pitch  and  winding 
angla  of  approachas;  A  -  width  of  belt  along  ,§-axis  of  cylindrical 
coordinate  systam:  r,  g>,  z,  moreover  A<<S/f1  and  A«X;  2a0  ~  thickness 
of  belt  along  r;  m  -  temporary/time  factor;  a* 0,  e.  n  -  parameters 
of  medium  inside,  also,  cut  of  the  spiral.  The  geometric  parameters 
of  right  and  laft  approacnes  are  identical,  which  is  implemented 
strictly,  if  system  is  the  cylindrical  metallic  surface. 


perforated/punched  by  the  openings/apertures  of  rhombic  form  (Pig 
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2)  .  In  this  case,  naturally,  between  the  right  and  left  approaches  in 
the  points  of  their  intersections  there  is  a  galvanic  contact. 

If  aQ«a,  then  equality  tne  geometric  paraaeters  of  right  and 
left  approaches  can  be  nade  approximately  even  in  the  absence  of  the 
contacts  between  then.  It  aust  be  noted  that  froa  the  point  of  view 
of  the  retention/preser vation/aaintaining  the  properties  of  syaaetry 
and,  therefore,  electrcdynaaic  properties,  which  escape/ensue  froa 
thea,  the  presence  or  the  aosence  of  the  contact  between  the  right 
and  left  approaches  plays  no  role.  The  following  presentation,  which 
concarns  conclusion/output  and  analysis  of  dispersion  equations, 
assuaes  that  aa/a<<1.  This  is  allowed,  just  as  during  the  analysis  of 
single-cut  spiral,  to  seek  fields  only  in  two  partial  regions  (with 
r<a  and  r>a)  ,  "joining"  thea  on  the  interface  r-a. 

The  systea  of  its  own  waves  and  their  fundaaental  properties  are 
deterained  by  the  syaaetry  of  systea. 


r 
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The  spiral  in  question  possesses  the  screw  axis  of  symmetry 
Cut Piald  and  currents  of  systea  with  the  axis  of  syametry  C2mi  in 
the  cylindrical  coordinate  systea  r,  z  can  be  represented  in  the 
fora  of  sub  28  the  so~called  normal  waves,  which  satisfy  boundary 
conditions  and  designed  according  to  the  foraulas  of  wort  [3]: 

«.  -.('*+ 2?  .5 

E  (r,  «f,  2)  =  V  em’  (r.  qp,  z)  e  s  ;  (1) 

r 

J(r,  <f,z)=  £ 

where 

nx  =  I  —M,  nt  =  At;  (3) 

fi  -  axial  phase  constant  of  zero  noraal  current  wave. 


J,n\r,  <p.  z)e 


«) 


(25 


er:-  Functions  <*"  satisfy  the  conditions: 
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ew(r.  <p,  z)  =  e<>.  <p.  *  +  ±\  . 

2 Ml  ' 

e<n'(r'  f  +  f  *  z)  ** e'  ^ *w  (r,  *  4 


(4) 

(5) 


and,  therefore,  the y  can  be  decoaposed  in  the  Fourier  series  on 
coordinate  z  (period  is  equal  to  S/2M): 

e "  (r<  ?•*)■  S  em(r,  f)e  s  (6) 

m— — m 

Representing  function  e£>  in  tae  rora  of  the  sua  of  the  aziauth 
three-diaensiona 1/space  har ionics; 

e^(r,  ?)  -  £  C(r)e,v*,  (7) 

on  the  basis  (5)  and  (6)  it  is  possible  to  record 


whence 


V(<p+  ~M  )  -^7+* ^4*2x1/,  rae /=0.  ±  1.  ±2...!  (8) 


v  =  n  ~ *-  2/M. 

Selationship/ratio  (8)  deteraines  the  spectrua  of  the  aziauth 
three-dimensional/space  haraonics,  entering  in  n-th  normal  wave. 


Page  138. 

On  the  basis  (1),  (6) ,  (7)  and  (8)  it  is  possible  to  record 

following  field  expression  of  the  n  normal  wave: 

&n)  =  Y  V  eW(r)e~*V+lv», 

»  /»«*  «0 


where 


(9) 
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P*  =  P  —  ~g\  g  =  n  —  2mM.  (ioi 

Functions  J{n\r.  cp,  z )  satisfy  the  conditions,  analogous  (4)  and  (5)  ,  and 
they  can  be  represented  in  the  fora 

jin)  (r,  <p,  2)  =  v  y  /<J>(r)e-,V+,v*.  (11) 

m— — «  » 


Conditions  (4)  and  (5)  mean  tnat  the  fields  and  currents  at  the 
syiaetrical  points  of  systea  in  the  n  noraal  wave  (point  1  and  2,  3 
and  4,  5  and  6  in  Fig.  2)  have  identical  amplitude  and  are  shifted 
only  on  the  phase.  This  fact  in  the  absence  of  losses  in  the  systea 
is  iaplamented  with  the  existence  of  the  traveling  waves  of  current 
both  in  the  rightists  and  in  the  left  approaches.  The  amplitudes  of 
currants  in  accordance  with  condition  (5)  in  the  adjacent  approaches, 
wound  up  in  one  direction,  are  identical,  and  phases  in  plane  z-const 
differ  on 


M 


(12) 


Let  us  designate  the  composite  amplitudes  of  currents  in  the  right 
approaches  through  in  the  left  -  through  J{2]- 


Condition  (12)  satisfy  the  noraal  waves;  n-th  and  (n-fl)-th; 
therefore  cannot  be  separately  excited  thea.  Instead  of  these  two 
waves  should  be  exaained  the  total  field  into  which  enter  azimuth  and 
longitudinal  three-diaensionai/space  harmonics  with  the  nuabers: 


V  =  n  -f-  tM,  q  -n  —  mM. 


(13) 
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Moreover  instead  of  (3)  it  is  necessary  to  take  nt*G,  n2=a-1. 

Currents  in  the  right  approaches  satisfy  the  conditions  of  right 
helical  symmetry;  therefore  in  for aula  (11)  for  these  currents  is 
satisfied  the  condition: 

—  —  vA<p  =  —  pAz.  ^ 

where  Az  and  as  -  arbitrary  snifts  of  spiral  along  z-axis  and  on  the 
angle  <*.  with  which  right  approaches  are  combined  themselves  with 
themselves  iAz  =  ti A<ptga). 


Substituting  in  (14)  expression  for  p„  we  obtain  -paz* 

_  Zi 

s  ~ — PAz,  whence  q  =  — v.  on  rhe  basis  this  expansion  (11)  for 

currents  f-y  can  be  recorded  in  the  fora 


j  <»*  — 


— 1  (0+  ^ «') 


(15) 


where  gan+aH. 
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Currents  in  the  left  approaches  satisfy  the  conditions  of  left 
helical  symmetry,  and  it  is  possible  to  show  that  for  them  in 
expansion  (11)  <7«v.  m  this  case  expression  (11)  is  written/recorded 
in  the  fora 


mam — at 


116) 
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Thus,  in  a  a-  entry  symmetrical  spiral  with  the  contrary 
coil/winding  just  as  into  the  spiral  with  the  one-sided  coil/winding, 
the  field  and  currents  in  the  approaches  can  be  presented  in  the  fora 
of  the  sua  of  the  noraai  waves  each  of  which  can  be  excited 
individually.  In  any  noraai  current  wave  both  in  the  rightists  and  in 
the  left  approaches  are  the  traveling  waves.  Each  longitudinal 
three-diaensional/space  haraonic  or  current  is  connected  only  with 
one  aziauth  harmonic.  The  ortnogonality  of  aziauth 

three-diaensional/space  harmonics  in  the  interval  *  [0-2 r]  makes  it 
possible  to  nstablish/install  tne  connection/communication  between 
the  aziauth  and  longitudinal  three-diaensional/space  harmonics  of 
field  in  the  n  noraai  wave  and  to  obtain  the  dispersion  equation  of 
relatively  phase  constant  p. 

bound AHY  conditions.  Dispersion  equation. 

using  a  method  of  the  electrical  and  aagnetic  vectors  of  hertz, 
the  coaponents  of  vector  E  and  H  in  the  cylindrical  coordinate  system 
for  the  n  noraai  wave  in  the  spiral  in  question  it  is  possible  to 
record  in  the  fora  (by  prime  is  aarked  field  with  r<a,  by  two  priaes 
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«;=  j  j  {-*ff/.0V)-i ntp,; 

//;  =  -  V.  v  p2B7v(P/)  6-®**+'^ 

®  00 

=  S  Ij  {~7£  (w>  ~  '  “>u  p,  ■ 

f*— a  ffi*— c o 

xB7;(p/)je-‘v^iv* 

£;=-  I  £  p*47v(p,r)e-V*v* 

f  »■ — oo  m««— ® 
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Field  expressions  with  r>a  are  obtained  from  (17)  by  the  replacenent 

lv(P/)*Kv(PA  A'-*  A",  B'  -  BT. 

where  lv  and  Kv  -  Bessel  function  froa  the  imaginary  argument; 

Pq  -  Y  PJ  —  **.  k  = 

Integration  constant  A',  A",  B1,  Bu  are  found  from  boundary 


conditions  with  r-a: 


where  and  -  components  of  current  density  on  surface  of  r-a. 
Considering  that  density  distribution  of  current  along  the  width  of 
the  belt  of  approach  is  even,  is  absent  transverse  to  the  axis  of 
belt  the  component  j  (A<<X),  amplitudes  in  all  approaches,  wound  up 


I 
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ia  cne  direction,  are  identical,  and  the  phases  of  currents  in  the 
adjacent  approaches  differ  to  value  A'F=-^-  On  the  basis  (15)  and 
(16)  it  is  possible  to  obtain  the  following  expressions 


whera  -  wave  amplitudes  of  currant  in  the  right  and  left 
approaches;  q=n+mtl. 

Expressions  (19)  correspond  to  the  case  A=0  and  it  is  virtually 
valid  with  A<<S/H.  The  substitution  of  expressions  (17)  under 
boundary  conditions  (18)  reduces  to  the  system  of  equations  relative 
to  integration  constants  A*,  A",  8*,  B".  The  analysis  of  this  system, 
which  uses  a  property  cf  the  orthogonality  of  azimuth 
three-dimensional/space  harmonics,  shows  that  the  constants  A',  A", 

B* ,  BH  will  depend  on  coordinates  r  and  *  in  two  cases: 

-  when  q  =  v  and  Jf  =  0, 

-  when  <?  =  — v  and  =  0. 


(20) 

(21) 


Page  141 


DOC  -=  30134009 


PAGE 


In  these  cases  solution  of  system  of  equations  gives  the 
following  expressions  for  tne  integration  constants: 

A  = - - - Kv(P±v<*). 


I  W  e  P±y,  n 
1  W  t  p±v  .1 

_  yfAfctga  „ 

B  =  — h . KAP±,a). 


p± 

_  jf-M  ctg  ot 


(22) 


where 


P±v  =  P-Cj7Lv:  P±v  =  V  Piv  -  ** ;  v  =  rt  -j-  tM. 


(23) 


Phase  constant  3  is  determined  from  the  dispersion  equation, 
which  in  the  case,  which  corresponds  to  condition  (20),  is  found  from 
the  boundary  condition,  which  requires  equality  zero  components  of 
vector  E,  tangent  to  the  left  approaches,  since  j£=0.  This  condition 
takes  the  fora 


£;  =  £^sina  —  £'  cos  a  with  r=fli,  (24) 

In  the  case,  which  corresponds  to  condition  (21),  dispersion  equation 
is  derived  froa  the  boundary  condition,  which  requires  the  absence  of 
the  tangential  component  of  vector  E  to  the  right  approaches: 

£J  =  £'sina  -ff^cosa  with  r  =  a-ra,. 


(25) 
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Proa  expressions  (17),  (22)  and  boundary  conditions  (24)  and  (25)  are 

obtained  the  following  two1  dispersion  equations: 

m 

2  (  7V+1  (  P±V  a)  (  P±V  0  v)  /V— ,  (  P±v  a)  *v-l  (  P±V  «V)} 

• 0  _ 

40 

2  V./v(P±va)/fv(P±vaV) 

40 

=  [(!■)' ~']tg2<1,  (26  a,  6. 

where  Y  =  1  +  —  . 

a 

FOOTNOTE  l.  Equation  (26a)  for  wave  nunber  p+ ,,  equ.  (26b)  -  for  p_v- 
ENDFOOTNOTE. 
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RESULTS  OP  THE  ANALYSIS  OF  DISPERSION  EQUATIONS. 

The  analysis  of  egu.  (26),  based  on  the  phenomenon  of 
three-dimensional/space  resonance  ^4],  shows  that  the  eguation  with 
the  transverse  wave  number  p-v  i -6a )  determines  the  phase  constants  of 
those  normal  waves,  in  which  resounding  are  three-diaeasional/space 
harmonics  with  negative  indices  v.  Equation  with  the  transverse  wave 
number  p-v  (26b)  determines  normal  waves,  in  which  the  resounding 
harmonics  have  v>o.  At  the  assigned  value  of  n  equ.  (26)  has  infinite 
solution  set.  Each  solution  determines  the  wave  of  field,  in  which 
resounds  any  three-dimensional/space  haraonic.  The  wave,  in  which 


■ 

L 
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resounds  tha  haraonic  vita  index  v,  it  is  designatad  below  through 
r±(v,  In  wave  rv,  resounding  v-  haraonic  has  the  positive  phase 
speed,  which  coincides  in  the  direction  with  phase  wave  velocity  of 
current  in  the  approaches  of  spiral.  In  wave  r_,v,  the  resounding 
haraonic  has  negative  phase  speed. 

During  the  excitation  in  the  nelical  antenna  of  waves  T± lV).  where 
'=*=  =  '■  is  observed  the  node  of  radiation/emission  with  conical 
directional  characteristic.  In  the  direction  of  the  axis  of  spiral 
the  cadiation/em ission  is  aosent.  The  mode  of  straight/direct  axial 
radiation/eaission  in  the  helical  antenna  is  observed  on  waves  T=i.  on 
wave  Ta)  the  polarization  in  the  direction  of  axis  close  to  the  left 
circular,  on  wave  T^)  -  to  the  right  circular. 

On  waves  in  the  spiral  is  observed  the  node  of  reverse 

axial  radiation/eoissicn  with  tne  polarization  in  the  direction  of 
the  axis,  close  to  the  circular  left  or  the  right. 

As  it  follows  froa  expression  \=n~tM,  of  wave  T±(U  they  enter 
into  first  noraal  wave  (n=1}#  waves  -  in  (M-1)  noraal  wave.  For 

the  excitation  in  the  spiral  of  each  of  these  waves  in  the  pure  fora 
the  approaches  of  spiral  aust  oe  fed  by  the  currents  of  identical 
aaplitude;  their  phases  froa  one  approach  to  the  next  must  vary 
according  to  the  following  laws: 
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for  the  wave.***^  n  =  1  w>,  = 

M  '  ' 


for  the  wave  with  r  =  M—\  tjj/ =  — (M  —  i)(i_  j)  = 

^  /Vi 


where  1  -  number  of  approach. 

During  the  excitation  of  approaches  simultaneously  by  currents 
;0e  w  and  /,#  in  the  spiral  they  are  excited  with  the 

identical  wave  amplitudes  r_,  and  T^j),  simultaneously  resound 
haraonics  with  indices  v-  =  l.  polarization  in  the  direction  of  the 
axis  of  spiral  will  be  linear.  In  this  case  suaaed  current,  which 

l  l 

excites  the  JL  approach,  taJcas  fora  J=J„  cos  [2r/n(l-1)  ].  The  plane  of 
the  polarization  of  radiation  field  in  the  direction  of  the  axis  of 
helical  antenna  coincides  with  plane  passing  through  the  approach 

l 

with  1=1. 
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The  node  of  straight/direct  axial  radiation/eaission  on  waves 
T&u  is  observed  in  the  range  of  values  ha,  in  which  these  waves  have 
the  strong  dispersion  (in  the  region  of  the  first 

threa-dimensional/space  resonance) .  Equations  (26)  make  it  possible 
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to  determine  the  frequency  ooundanes  of  the  region  of  the  existence 
of  different  transmission  modes  in  the  spiral,  regions  of  the  strong 
and  weak  dispersions  of  the  pnase  speed.  The  results  of  the  analysis 
of  equ.  (26)  are  reduced  to  tne  following. 

The  real  values  8a,  which  correspond  to  ground  waves,  are 
arranged/located  in  the  intervals; 

!  v  (/) !  ctga  -j-  ka  <  p  a  <  | '  ~  ^  ctg  ~  ~  ka  (26aK  ,27^ 

Kay;  (1).  for.  I  i  v(*  -r  1) :  ctga  —  ka  jSk  (266). 

where  v (/)  =  n  -4-  tM,  v(/~l)=n-(/^l)Ai.  t  =  0.  ^  1,  222.... 


In  each  of  tha  intervals  equ.  (26a)  determines  the  phase 
constants  of  waves  Tv(t)  and  and  equ.  (26b)  -  the  phase 

constants  of  waves  Tv(t)  and  r_vc+1).  Qualitative  fora  of  the  dependence 
on  8a  of  the  left  F((8a)  and  right  P2  (8a)  parts  of  equ.  (26)  is  shown 
in  Fig.  3.  On  the  left  boundary  of  interval  (27)  rasounds 
three-dimensional/space  harmonic  with  number  =  |v(/)|.  on  the  right 
boundary  -  with  number  ±|v(*g=r)|.  selecting  corresponding  to  these 
harmonics  terms  in  aqu.  (26)  and  asymptotically  summarizing  those 
remaining,  that  correspond  to  nonresonant  harmonics,  it  is  possible 
to  obtain  the  following  expression  for  for  function  Ft  (8a)  ,  valid  in 
interval  (27)  : 
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Por  the  purpose  of  simplification  in  calculations  Ft  (0a)  during  the 
computations  of  phase  constants  0  on  the  left  side  of  interval  (27) 
it  is  possible  to  isolate  only  v(i)  member,  while  in  the  right  -  only 
v(/Tl)-  ,  the  others  to  sum  up  asymptotically.  In  this  case 

=  2ln - l—r  • 

In  particular,  this  can  be  done  during  the  computation  of  the  values 
of  function  Ft  (0a)  on  the  boundaries  of  intervals  -  Qv-  During  the 
more  approximate  computations  which,  as  a  rule,  giv9  acceptable 
accuracy  for  the  practical  use/application  (nonresonant  terms) ,  Am  it 
is  possible  not  to  consider.  Without  account  AM  is  obtained  the 
following  expression  forQv: 


(29) 


v*-  1 


Proa  egu.  (26)  and  expression  (29)  are  obtained  the  formulas,  which 
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are  deteraining  values  of  ka,  wnicn  Halt  the  doeains  of  existence  of 
eaves  TVl.,  and  T^v(,^u.  Belov  cause  values  are  designated  through 
ka”‘f  and  •  Intersection  tx  (pa)  and  P*  (0a)  at  points  A  and  C  in 
Fig.  3  they  correspond  to  values  Aa"‘()'  and  Aa^*v"(l_1(;  the  contact  of 
these  curves  at  point  O',  whicn  is  replaced  by  the  closely  spaced 
point  D,  it  corresponds  to  values  The  values  ka 

indicated  are  deterained  by  tne  following  approxiaation  foraulas: 


V  (fl 


kam,n 


|  V  (/)  I 


V  <2*((,  -  tg*  a—  tg a 
B  I  v  ^  1  >  [ 

VV 


V  llfl) 


-V|/±U 


-+-  tg'  a  —  tg  a 
I  v  «  ?  I)  I  OPS  a 
1  sin  a 


(30) 

(31) 

(32) 


Tha  region  of  strong  wave  dispersion  7^,,,  is  liaited  by  value 


ka 


V  l(» 


approxiaately  corresponding  to  the  passage  of  function  P2  (^.3*) 


through  point  B,  and  it  is  deterained  by  the  foraula 


ka' 


» (/) 


[  v«)  |  cm  a 

1  —  sin  a 


(33) 


Strong  wave  dispersion  'T-v <l£i,  is  observed  in  the  entire  doaain  of  its 
existence.  He  use  the  obtained  results  for  the  analysis  of  the  first 
and  {M- 1 )  noraal  waves,  which  ensure  the  code  of  straight/direct 
axial  radiation/eaission. 


Into  the  noraal  waves  indicated  enter  the  waves  of  field 
respectively  and  T’-i-i-hh-w].  For  waves  7\± iV  of  appropriate  t*0, 

n*  1  and  t*-1,  n3,1- 1 ,  froa  expressions  (30)  and  (32)  it  follows: 


ta?"  -  0; 


(1  —  M)  co«  a 
1  --  tin  a 


(34) 

(35) 
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The  nearest  to  7\* „  transmission  modes  from  the  side  of  greater  lea  are 
waves  7‘_(*1.mi|  froi  the  side  of  saailer  ka  -  wave  T^=th  Por  waves 
froa  (29)  aad  (31)  we  aave 


bam‘n 

.1-rJWt] 


m  ~  : 


1 


1 1  -  AD* 

/I  —  A!)1  -  1 


—  tg*  n  —  tg  ct 


(36 1 


For  waves  r_st,  froa  (29),  (J1)  aad  (32): 

A*?4„ -0;  (37) 

*arr*„  *  -  •  (38) 

The  region  of  strong  wave  dispersion  is  liaited  from  the  side  of 
high  values  by  value  ka'±x.  determined  on  the  basis  (33)  by  the 
f  oraula 

.  .  cos  a  i39i 

1  —  sin  a 


The  qualitative  dependences  of  the  boundary  values  ha  indicated 
froa  «  are  shown  on  the  diagraa  Pig.  4.  on  the  diagraa  is  shown  also 
dependence  *ukp»  —  ctga.  When  ka^ka^  in  the  spiral  are  absent  the 
ground  waves.  In  the  figure  is  shaded  the  part  of  the  diagraa  where 
there  are  only  waves  T.t  and  is  observed  the  strong  dispersion  of 
their  phase  speed.  Values  ka  and  a  froa  the  shaded  region  provide  the 
aode  of  straight/direct  axial  radiation/eaission  in  the  helical 
antenna. 


4 


J 


J 
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Th 8  greatest  width  according  to  the  frequency  scale  has  the 
region  of  the  sode  of  straight/ direct  axial  radiation/eaission  when 
a**aoaT  Value  (Wt  is  deteraxned  froa  the  equation 

and  it  is  equal  to 


(t  4-  M)  [(M  +  1)*  —  2{ 
2(*-f  2)  V  M[(M  +  !)•  +  M\  ' 


o^warctg 


(41) 
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With  M>2  value  Qv  deteraiaed  ay  formula  (29),  close  to  unity; 
therefore  for  the  approximate  coaputations  in  expression  (31)  it  is 
possible  to  assuae  Qv,;-,,- 1.  In  this  case  instead  of  (36)  *e  will 
obtain 


bu'r:n 

-lidr.WI] 


<1  —  M )  cos  i 
1  —  sin  a 


H.'i 


and  egu.  (40)  gives  the  following  value  for  u0m 

aonT  *  arc  sin  ■  (*3t 

Values  uonr.  calculated  according  to  formulas  (4  1)  and  (43),  are  given 
in  Table  1. 


as  is  evident,  virtually  with  all  N>1  for  the  calculation  is 
possible  to  us?  formulas  (42),  (4J) .  Substituting  (43)  into 
expressions  (39)  and  (42),  ve  obtain  the  following  formulas  for 
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Table 

1. 

i  ' 

,M  1 

<xonr  paccwaHHbie 
no  $opsiy«M 

f 

(♦1) 

1  (431 

1  | 

16°41' 

!  19°30' 

2  ! 

29° 12' 

30' 

3  ! 

36° 35’ 

36° 50' 

4 

42°35' 

!  42°45' 

Kay:  (1).  Values  CLon7-  calculated  by  formula. 

Conclusion. 

As  a  result  of  solving  the  boundary-value  problem  it  is  shown 

% 

that  tha  multiturn  spiral  wita  the  contrary  coil/winding  possesses 
the  same  range  properties  as  spiral  with  the  one-sided  coil/winding. 
Is  theoretically  found  optimum  winding  angle  and  corresponding  to  it 
overlap  factor  in  the  frequency,  which  is  confirmed  well  by  the 
experimental  data  of  work  [2].  The  system  of  normal  waves,  is 
examined  above,  it  makes  it  possible  to  analyze  the  effect  of  the 
conditions  of  exciting  the  approaches  on  characteristics  and 
parameters  of  halical  antenna  witn  the  contrary  coil/winding.  The 
normal  waves,  which  ensure  axial  radiation/eaission  in  the  helical 
antenna  with  the  right  and  left  handed  circular  polarization,  are  not 
depended  from  each  other  (eacn  of  them  satisfies  boundary  conditions 
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in  the  systen) .  This  is  allowed,  varying  the  aaplitudes  of  the  waves 
indicatad,  to  obtain  any  polarization  over  a  wide  range  of 
frequencies. 
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